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“‘A carpenter and a geometer investigate the right angle in 
different ways.” Take a sentence like that out of its original 
context and you can read many ideas into it. The sentence is 
from Aristotle. I have seen it quoted in various places. Each 
time, a different interpretation was put on it. So I looked it 
up in the Nicomachean Ethics (Book 1, 1098a) and found 
that the segment quoted above ends with a semicolon. The 
rest of the sentence is “the former does so in so far as the 
right angle is useful for his work, while the latter inquires 
what it is or what sort of thing it is; for he is a spectator of 
the truth.” 


The sentence comes just after Aristotle has outlined a great 
truth and informed us that anyone is capable of filling in the 
details later. The work of the carpenter is subordinated by 
Aristotle to minor questions of detail; the geometer contem- 
plates truth. 


The frequently quoted first segment implies no necessary 
ranking of the relative values of carpenters and geometers in 
society, but the second part of the sentence—in context 
does. I understand that Aristotle really meant it as a put- 
down of carpenters. Geometers, on the other hand, he ranks 
among the elite. 


If my interpretation is correct, then I do not like Aristotle’s 
innuendo about superior and inferior occupations. The func- 
tions of both the geometer and the carpenter are equally 
noble and—to make a pun of it—worthy of the Nobel 

Prize. Let me illustrate with two prize winning scientists, 
one a carpenter and the other a geometer. 


Linus Pauling, winner of the Nobel Prize for Chemistry, 


tells an anecdote about his first meeting with Albert Einstein. 


Pauling had just given a seminar on quantum mechanics and 


the chemical bond. Einstein was in the audience. Afterwards, 


when he was asked what he thought about the seminar, 
Einstein said it was “too complicated” for him. Pauling 
concludes: “‘He was interested in what was going on in the 
understanding of the structure of molecules, but in a rather 
general way rather than in the detailed way in which I am 
interested.” Pauling sees himself as one of Aristotles’ carpen- 
ters and Einstein as a geometer. But unlike Aristotle, Pauling 
sees no reason to feel inferior about it. 


The articles in this issue illustrate that there is some of the 
geometer and some of the carpenter in all good agricultural 
economists. We contemplate and outline eternal truths; 

we also fill in needed details. 


This journal carried an overview of USDA’s Food and Agri- 
cultural Policy Simulator (F APSIM) in its April issue. The 
model is used by USDA economists to forecast prices and 
quantities for 13 agricultural subsectors and it estimates cash 
receipts, expenses, and net farm income. In this issue, the 
authors present details of the dairy subsector of FAPSIM. 
The dairy sector contains 46 equations and can be run as a 
stand-alone model. However, 11 of its exogenous variables 
are endogenous to FAPSIM so the model can also be run 
allowing for relevant feedback loops with the other live- 
stock and crops sectors. The authors compare runs done 
both ways. The comparison raises—and offers empirical 
answers to—some interesting questions about the validity 
of fitting and running models that are known in theory to 
be subsectors of larger systems. 


If FAPSIM with its 360 equations seems like too large a 
model for your tastes, the second article in this issue de- 
scribes a three-equation system. The three variables are food 
at home, food away from home, and nonfood consumer 
purchases. These three variables are related to one another 
according to the microeconomic theory of consumer de- 
mand. Appropriate assumptions reduce the three equations 
to two. But they turn out to be a formidable looking, inter- 
locked pair. A canned software package for nonlinear regres- 
sion is called upon to fit the system. The result is a useful set 
of empirical estimates of factors affecting the demand for 
food couched in a small system of equations that satisfy the 
requirements of economic theory. 


The third article is also concerned with demand for farm 
products. It was found that single-equation methods for 
fitting equations failed to provide usable results because 
variables which statistical theory assumes to be independent 
were in fact highly correlated. The author turned to a 
method for doing regression on the principle components of 
the data instead of on the original data. The method has been 
in the literature for a decade or more, but it is not used ex- 
tensively. Some might object that “if you start with multi- 
collinearity, no statistical manipulation can possibly sort out 
reliable partial regression coefficients!’’ On the other hand, it 
is difficult to argue with success. Using principle components 
regression, the author found that variables which had the 
wrong sign according to economic theory using ordinary least 
squares regression righted themselves and that variables 

which were not statistically significant became so. The cost of 
this success, the author openly admits, is biased coefficients. 


The final article in this issue raises an important question. 
The author asks whether the measure of net farm income 





which is regularly published by ERS is as useful as it might 
be. One of his concerns is that it is income after taxes that 
affects farm management decisions and farmer well-being. 
The costs of buying a tax shelter may be reflected in the 
estimate of farm expenses, but the benefits are not reflected 
in the estimates of income. His other concern is that capital 
gains from inflation are not allowed for. Capital gains on the 
land owned by farmers can exceed net income. And, farmers 


can use these capital gains as collateral to borrow money for 
expansion of the farm business. Recent experience with 
inflation and the tax laws call into question whether the 
income statement and the balance sheet really tell us what 
we need to know. 


Clark Edwards 





Contents 








1 The Food and Agricultural Policy Simulator: 
lhe Dairy-Sector Submodel 
Larry E. Salathe, J. Michael Price, and 
Kenneth E. Gadson 


[The Demand for Food Consumed at Home and 
\way from Home 
R. McFall Lamm, dr. 


\pplying Principal Components Regression 
nalysis to Time Series Demand Estimation 
Luis R. Sanint 


\lternative Indicators of Farm Operators’ 
wnings 
Roger P. Strickland 


search Review 


Cross-Sectional Analysis of Wheat Import 
Demand among Middle-Income Developing 
Countries 

Cathy L. Jabara 


Some Lessons from Wingspread: A Report on 
the National Rural Symposium 
J. Norman Reid 


Growth in U.S. Agricultural Capacity and 
Utilization: We Need to Know More about It 
Clark Edwards 


Mexico’s Agricultural Dilemma 
Reviewed by D. H. Roberts 


Modeling and Measuring Natural Resource 
Substitution 
Reviewed by Michael LeBlanc and 
Thomas Lutton 


16 Environmental Regulation and the U.S. 
Hconomy 
Reviewed by Stan Daberkow 








The Food and Agricultural Policy Simulator: 
The Dairy-Sector Submodel 


Larry E. Salathe, J. Michael Price, and Kenneth E. Gadson* 








Abstract 


This article presents the structure, parameters, and validation statistics for the dairy-sector sub- 
model contained in the U.S. Department of Agriculture’s (USDA’s) Food and Agricultural Policy 
Simulator (F APSIM). This submodel endogenously estimates dairy cow numbers; milk production; 
farm-level milk prices; fluid milk consumption; and the supply, utilization, and prices of butter, 
cheese, nonfat dry milk, condensed and evaporated milk, and frozen milk products. It also endog- 
enously estimates USDA purchases of manufactured dairy products and the costs of Government 
dairy product purchases under alternative dairy price-support options. The annual model is used to 
examine the adjustment resulting from lowering dairy price-supports from 75 to 65 percent of 


parity. 
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Introduction 


U.S. dairy policy has been under continuous debate since 
1972. During the midseventies, debate focused on dairy 
import quotas (1).' Recently, large Federal budget outlays 
resulting from dairy price-support operations have raised 
questions concerning the Government’s role in the U.S. 
dairy industry. Because of Government involvement in 

the dairy sector through dairy price supports, dairy import 
quotas, and milk marketing orders and agreements, it is 
likely that dairy policies and programs will remain under 
considerable scrutiny. 


Researchers have developed a variety of economic models 
to examine and evaluate alternative dairy policies and pro- 
grams (2, 3,6, 8, 9). Such models have generally recognized 
interrelationships among the dairy, feed-grain, and beef and 


veal sectors, but they have treated such sectors as exogenous. 


The failure to endogenize the beef and veal and the feed- 


grain sectors could result in substantial errors when research- 


ers analyze dairy policies. 


The U.S. Department of Agriculture’s (USDA) Food and 
Agricultural Policy Simulator (F APSIM) is an annual econo- 
metric model of the agricultural sector (10). FAPSIM con- 
sists of a set of individual commodity models for beef, pork, 


*The authors are agricultural economists with the Na- 
tional Economics Division, ERS. 

! Italicized numbers in parentheses refer to items in the 
References listed at the end of this article. 


dairy, chickens, eggs, turkeys, corn, grain sorghum, barley, 
oats, wheat, soybeans, and cotton that are linked via com- 
mon variables. The model estimates a price-quantity equi- 
librium solution that is simultaneously consistent across all 
commodity sectors. This report details the dairy sector of 
FAPSIM. We present the dairy submodel’s structure, equa- 
tion parameter estimates, validation statistics, and linkages 
to other FAPSIM submodels. We use the dairy submodel 

to explore the effects of lowering the price-support level on 
dairy products from 75 to 65 percent of parity. 


Structure of the Dairy-Sector Submodel 


The dairy-sector submodel explicitly recognizes the role of 
the Federal Government in milk marketing and pricing.’ 

The Government supports the price of manufacturing milk 
(and of milk eligible for fluid consumption) by purchasing 
manufactured dairy products. The support level for manu- 
facturing milk is set at some fraction of parity as determined 
by the Congress. This support level is then adjusted by a 
processing allowance to derive the price at which the Govern- 
ment will then purchase butter, cheese, and nonfat dry milk. 
These purchases increase the demand for manufactured dairy 
products and the price of milk. When prices of manufactured 
products reach 110 percent of designated purchase levels, 
the Government may release accumulations of manufactured 





? The model presented draws upon earlier work by 
Novakovic and Thompson (6) and Salathe (9). Major struc- 
tural differences between the model presented and previous 
studies are in the supply relationships for manufactured dairy 
products and Government stock specifications. 
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dairy products. Such releases increase supplies and lower 
milk prices. Because the Government supports milk prices by 
purchasing butter, cheese, and nonfat dry milk, Government 
purchases of such products depend on the level of supply and 
demand for each product. 


The dairy submodel consists of four subcomponents: (1) 
milk supply, (2) milk price, (3) milk manufacturing, and (4) 
commercial demand. 


Milk Supply 


The milk supply component contains equations for dairy 
cow slaughter, additions to the dairy cow herd, dairy cow 
numbers, milk production, milk fed to calves, milk sold to 
plants and dealers, and the supply of milk eligible for fluid 
consumption. An identity (equation) is used to determine 
the ending inventory of dairy cows on farms based on the 
beginning inventory of dairy cows, death loss, dairy cow 
slaughter, and additions to the dairy cow herd. This identity 
is the following: 


COWSNMC(+1) = 0.98 COWSNMC + COWSEMC 
- COWKSMC 
where: 
COWSNMC = the number of dairy cows on farms on 
January 1, 
COWSEMC the number of additions to the dairy 
cow herd during the year, and 
COWKSMC the number of dairy cows slaughtered 
during the year. 


This identity assumes that 2 percent of all dairy cows die 
during each calendar year. Data on the actual number of 
dairy cow additions are not available. Therefore, we assume 
that 60 percent of all dairy cow replacements over 500 
pounds on January 1 are added to the dairy herd during the 
calendar year. Although both assumptions are open to 
debate, they were necessary if the dairy and beef and veal 
sector subrnodels were to be linked. For example, data on 
dairy cow slaughter can be generated by use of the identity. 
Such a data series is otherwise unavailable. Yet, without such 
a data series, it would be impossible to estimate either the 
contribution of dairy cow slaugther to total beef production 
or the effects of beef and milk prices on dairy cow slaughter. 


Dairy cow slaughter and additions to the dairy cow herd are 
hypothesized to be influenced by the price of milk, the price 
of cattle, the price of feed, and the stock of dairy cows. The 
ratio of the price of milk relative to the price of cattle and 
the ratio of the price of milk to the price of feed reflect the 
relative profitability of keeping rather than selling dairy 


heifer calves and dairy cows. The price of feed is calculated 
as a weighted (reflecting average importance in dairy rations) 
average of the prices of corn, oats, grain sorghum, barley, 
wheat, and soybean meal. This variable links the dairy sector 
to the crops submodels. 


Milk production per cow is a function of lagged milk produc- 
tion per cow, a time trend, and the ratio of milk price to the 
price of feed. The time trend captures improvements in man- 
agement practices over time such as improved culling and 
breeding practices. We included the ratio of milk price to the 
price of feed on the assumption that farmers reduce feeding 
rates during periods when milk prices are low relative to feed 
costs. 


The fraction of milk eligible for fluid consumption has stead- 
ily increased over time. Salathe (9) found that at least a 
portion of the increase could be explained by the lagged 
difference between the producer prices for fluid and manu- 
facturing grades of milk. Therefore, the supply of milk eli- 
gible for fluid consumption is hypothesized to be related to 
the lagged difference in producer prices for fluid and manu- 
facturing grades of milk and to the quantity of milk sold to 
plants and dealers. 


Milk Price 


The milk price component is consistent with the pricing 
mechanism for Federal milk marketing orders. The 
Minnesota-Wisconsin manufacturing milk price series is the 
standard on which the Federal order system determines 
Class I and II milk prices. The Minnesota-Wisconsin manu- 
facturing milk price is related to the wholesale prices of 
butter, cheese, and nonfat dry milk. We calculate the price 
of fluid- ‘ligible milk by weighting Class I and II prices by 
the proportion of fluid-eligible milk utilized as Class I and II. 


The farm-level price of milk reflects both the relative propor- 
tion of milk produced as fluid and as manufacturing grades 
and their respective prices. The producer price of manufac- 
turing milk is related to the wholesale prices of butter, 
cheese, and nonfat diy milk. We calculate the producer price 
of milk by weighting the prices of manufacturing and fluid- 
eligible milk by the proportion of milk produced as fluid- 
eligible and manufacturing grades. 


Milk Manufacturing 


The dairy submodel contains equations to predict supply, 
utilization, and prices for butter, cheese, nonfat dry milk, 
frozen milk products, fluid milk, and condensed and evapo- 
rated milk. It is hypothesized that the demand for milk to 

be processed into fluid, condensed, and evaporated milk and 
into frozen desserts will be satisfied prior to the allocation of 
milk to butter, cheese, and nonfat dry milk production. The 
volume of milk available for manufacturing (milk production 





less that processed into fluid, condensed, and evaporated 
milk, into frozen milk products, and into milk consumed 
by calves) explains production of butter, cheese, and non- 
fat dry milk. Production of butter, cheese, and nonfat dry 
milk is also affected by their respective wholesale price- 
proxies reflecting the relative profitability of producing 
each of these products. Production of evaporated and 
condensed milk is related to the prices of fluid and con- 
densed and evaporated milk. Imports and exports of dairy 
products are exogenous. 


Retail prices of the six dairy products are expressed as a 
function of their respective wholesale price and variables 
that reflect marketing costs. Explicit econometric equa- 
tions do not need to be specified either for the wholesale 
prices of cheese, nonfat dry milk, and butter or for the 

retail price of condensed and evaporated milk as these equa- 
tions can be derived from specified production, demand, and 
stock relationships. 


Commercial Demand 


Commercial demand for dairy products consists of exports, 
domestic consumption, stocks, and Government purchases. 
Exports and military consumption are exogenous. Civilian 
consumption of each dairy product is related to its own real 
price, the real price of competing products, real disposable 
income, and population growth. Commercial stocks of 
butter, cheese, and nonfat dry milk are related to their 
respective wholesale prices and to production. 


Government purchases (placements) of dairy products have 
generally been specified as linear functions of the wholesale 
price and the Government support price (6). Such functional 
relationships ignore the discontinuity in Government pur- 
chases when market clearing prices are above the designated 
support price. 


We avoid this problem by computing Government purchases 
as the residual difference between supply and demand. Ini- 
tially, a free-market clearing price is computed. This price is 
then compared with the price-support level, and if the free- 
market price is above the price-support level and below the 
release price, no action is taken. However, if the free-market 
price is below the price-support level, the market price is set 
equal to the price-support level, and the level of Government 
purchases is computed as the difference between supply and 
demand at the support price. A similar process is followed 
when the free-market price exceeds the release price for a 
particular dairy product. 


Empirical Equations 


We estimated the equation parameters of the dairy submodel 
using ordinary least squares. We selected three distinct time 
periods—1950-79, 1955-79, and 1960-79—for parameter 


estimation. The final set of equations selected represents the 
best set based on hypothesized parameter signs, significance 
of the parameter estimates, and the standard error of regres- 
sion. We compared parameter estimates over the three esti- 
mation periods. When parameter estimates did not vary 
substantially over the three estimation periods, we included 
the equation using the longest data series in the submodel. 


A few equations, while accurately predicting a particular 
variable over much of the estimation period, contained rather 
substantial errors for selected years. The most notable errors 
were for dairy cow additions during the 1965-71 period and 
dairy cow slaughter during the 1965-69 period. Dummy 
variables were included only after alternative specifications 
were explored and found inferior. Table 1 defines the vari- 
ables contained in the submodel. Tables 2 through 8 report 
the parameter estimates. 


The dairy cow additions and slaughter equations indicate 
that increases in cattle (utility cow and calf) prices and in 
feed costs reduce the number of dairy cows. An increase in 
feeding costs negatively affects milk production per cow. 
The stock of dairy cows on farms 2 years earlier was included 
in the dairy cow additions equation as a proxy for the avail- 
able supply of replacements. 


Production of butter and cheese was found to be signifi- 
cantly related to the wholesale prices of butter, cheese, and 
nonfat dry milk and to the quantity of milk available for 
manufacturing. Producer milk prices were significantly re- 
lated to the wholesale prices of butter, cheese, and nonfat 
dry milk. Nonfat dry milk production was positively related 
to butter production, but negatively related to cheese pro- 
duction. 


Per capita civilian disappearance of fluid milk is a function of 
the ratio of the retail price of fluid milk relative to the con- 
sumer price index (CPI) for nonalcoholic beverages and is a 
function of the ratio of the retail price of fluid milk relative 
to the price of nonfat dry milk. Increases in both variables 
significantly reduce civilian disappearance of fluid milk. A 
time trend captures the decline in consumer preferences for 
fluid milk relative to nonalcoholic beverages during the esti- 
mation period. Per capita disposable real income was 
dropped from the regression because it was not statistically 
significant. 


Per capita civilian disappearance of nonfat dry milk declines 
as the price of nonfat dry milk increases relative to the price 
of fluid milk. Unlike per capita civilian disappearance of fluid 
milk, there is a fairly strong positive relationship between per 
capita consumption of nonfat dry milk and real per capita 
disposable income. 


Per capita civilian disappearance of butter declines signifi- 
cantly as the ratio of the retail price of butter increases 





Table 1—Dairy submodel variables 








Variable 


Definition 








Endogenous: 


COWSNMC 
COWKSMC 
COWSEMC 
MILPF 
MILECLOP 
MILMWAT 


MILPPFEMAT 


MILPPMAT 
MILBC 
MILAP 
MILSPPLTS 
MILASFM 
MILMFG 
MILSPFZ 
MILSPEC 
MILSPECM 
MILCCMC 
MILBUT 
MILAMCHEE 
MILPWDR 
MILOMP 
MILIR 
MILIRIC 
MILCCFZ 
MILCCEC 
MILIREV 
MILHTEV 
MILSPND 
MILCCND 
MILHGND 
MILHBND 
MILGUND 
CHESP 
CHECT 
CHEHB 
CHEHG 
CHEGU 
CHEIRAM 
BUTSP 
BUTCC 
BUTHB 
BUTHG 
BUTGU 
BUTIR 
DARCPI 
DAIGP 
DAIFC 


Exogenous: 


CATPFNF* 
CORPF* 
BARPF* 
OATPF* 
SORPF* 
WHEPF* 
SOMPF* 
CALPF* 
TIME 
MILOOP 
BUTGG 
BUTDV 
-GASIR 
-YPD$ 
MARIR* 
DUMij 
DUMijkl 
MILMGND 
MILDVND 
CHEMX 
CHEMI 
CHECM 





Number of milk cows on farms, January 1, million head 

Number of milk cows slaughtered, million head 

Number of dairy cow replacements, million head 

Average price received by farmers for all milk sold to plants, dollars per cwt 
Effective Class I milk price paid by dealers, dollars per cwt 
Minnesota-Wisconsin manufacturing grade milk price, dollars per cwt 
Average price received by farmers for fluid eligible milk, dollars per cwt 
Average price received b” farmers for manufacturing grade milk, dollars per cwt 
Quantity of milk fed to calves, billion pounds 

Total milk production, billion pounds 

Quantity of milk sold to plants and dealers, billion pounds 

Quantity of milk produced eligible for fluid market, billion pounds 
Quantity of milk available for manufacturing, billion pounds 

Production of frozen dairy products, billion pounds of milk used 
Production of evaporated and condensed milk, billion pounds 

Production of evaporated and condensed milk, billion pounds of milk used 
Civilian disappearance of fluid milk plus cream, billion pounds 

Wholesale price of Grade A butter, Chicago, cents per pound 

Wholesale price of American cheese at Wisconsin assembling points, 40-pound block, cents per pound 
Wholesale price index for nonfat dry milk, 1967 = 1.0 

Minimum Federal order price for Class I milk, dollars per cwt 

Retail price index for fluid milk, 1967 = 1.0 

Retail price index for ice cream, 1967 = 1.0 

Civilian disappearance of milk used in frozen dairy products, billion pounds 
Civilian disappearance of evaporated and condensed milk, billion pounds 
Retail price index for evaporated milk, 1967 = 1.0 

Ending stocks of evaporated and condensed milk, billion pounds 
Production of nonfat dry milk, billion pounds 

Civilian disappearance of nonfat dry milk, billion pounds 

Beginning USDA stocks of nonfat dry milk, billion pounds 

Beginning commercial stocks of nonfat dry milk, billion pounds 

USDA purchases of nonfat dry milk, billion pounds 

Production of cheese, billion pounds 

Civilian disappearance of cheese, billion pounds 

Beginning commercial stocks of cheese, billion pounds 

Beginning USDA stocks of American cheese, billion pounds 

USDA purchases of American cheese, billion pounds 

Retail price index of American cheese, 1967 = 1.0 

Production of butter, billion pounds 

Civilian disappearance of butter, billion pounds 

Beginning commercial stocks of butter, billion pounds 

Beginning USDA stocks of butter, billion pounds 

USDA purchases of butter, billion pounds 

Retail price index of butter, 1967 = 1.0 

tetail price index of dairy products, 1967 = 1.0 

Total cost of USDA dairy product purchases, million dollars 

Cash receipts from milk sales, billion dollars 


Price of utility cows, Omaha, dollars per cwt 

Price received by farmers for corn, Oct.-Sept., dollars per bushel 
Price received by farmers for barley, June-May, dollars per bushel 
Price received by farmers for oats, June-May, dollars per bushel 
Price received by farmers for grain sorghum, Oct.-Sept., dollars per bushel 
Price received by farmers for wheat, June-May, dollars per bushel 
Price of soybean meal, Decatur, 44 percent, dollars per cwt 

Price received by farmers for calves, dollars per cwt 

Time trend 1950 = 50, 1951 = 51, and so forth 

Federal order over order payments for Class I milk, dollars per cwt 
USDA donations of butter, billion pounds 

USDA unaccounted-for change in stocks of butter, billion pounds 
Consumer price index for regular and premium gasoline, 1967 = 1.0 
U.S. personal disposable income, billion dollars 

Consumer price index for margarine, 1967 = 1.0 

Dummy variable, 19ij = 1.0 

Dummy variable, 19ij - 19kl = 1.0 

USDA exports of nonfat dry milk, billion pounds 

USDA unaccounted-for change in stocks of nonfat dry milk, billion pounds 
Exports of cheese, billion pounds 

Imports of cheese, billion pounds 

Military disappearance of cheese, billion pounds 





Table 1—Dairy submodel variables (continued) 





Variable 


Definition 





CHEGG 
CHEMG 
CHEDV 
BUTMG 
BUTMX 
BUTMI 
BUTCM 
MILCIDF 


MILPFDIF 


-WRHD 

» NPC 
-PCNAL* 
.PC* 
MILMIND 
MILMXND 
MILCMND 
MILGGND 
MILSPPBUT 


MILNFDSPP 
MILCHCHSPP 


MILMIEC 
MILMXEC 
MILCMEC 
MILMIFZ 
MILCMFZ 
MILBCND 





USDA donations of American cheese, billion pounds 

USDA exports of cheese, billion pounds 

USDA unaccounted-for change in stocks of American cheese, billion pounds 

USDA exports of butter, billion pounds 

Exports of butter, billion pounds 

Imports of butter, billion pounds 

Military disappearance of butter, billion pounds 

Historical difference between Federal order minimum Class I milk price and Minnesota-Wisconsin 
manufacturing grade price, dollars per cwt 

Historical difference between average price received by farmers for fluid eligible milk and weighted Federal 
order price for fluid eligible milk, dollars per cwt 

Dairy manufacturing industry wage rate, dollars per hour 

Total U.S. population, millions 

Consumer price index for nonalcoholic beverages, 1967 = 1.0 

Consumer price index for all items, 1967 = 100 

Imports of nonfat dry milk, billion pounds 

Exports of nonfat dry milk, billion pounds 

Military disappearance of nonfat dry milk, billion pounds 

USDA donations of nonfat dry milk, billion pounds 

USDA purchase price of butter, dollars per cwt 

USDA purchase price of nonfat dry milk, dollars per cwt 

USDA purchase price of American cheese, dollars per cwt 

Imports of evaporated and condensed milk, billion pounds 

Exports of evaporated and condensed milk, billion pounds 

Military disappearance of evaporated and condensed milk, billion pounds 

Imports of frozen dairy products, billion pounds 

Military disappearance of frozen dairy products, billion pounds 

Nonfat dry milk fed to calves, billion pounds 





*Denotes variables that are exogenous to the dairy submodel, but endogenously computed by other FAPSIM submodels. 


relative to the retail price of margarine, but the disappear- 
ance of butter does not appear to be significantly affected 
by the level of real per capita disposable income. A time 
trend reflects reduced consumption of foods high in choles- 
terol. Beginning in 1978, the downward trend in civilian 
disappearance of butter seems to have leveled off somewhat. 


Per capita civilian disappearance of cheese is a function of 
the ratio of the retail price of cheese relative to the all-item 
CPI and to real per capita disposable income. The retail 
price of meat was dropped from the equation because it 
was not statistically significant. However, the demand for 
cheese seems to have shifted upward in 1973, immediately 
after the large increase in meat prices. It appears that con- 
sumers significantly increased their demand for cheese fol- 
lowing the large increase in meat prices in 1972-73 and did 
not reduce their demand for cheese after meat prices leveled 
off 


Validation Statistics 


Various procedures have been proposed for validating econo- 
metric models. These procedures generally involve examining 
the statistical characteristics of individual equations, as well 
as examining the predictive ability of the entire system of 
equations. The equations comprising the dairy submodel 
seem to contain parameters of appropriate sign and magni- 
tude. However, such characteristics do not ensure that the 
entire system of equations will accurately predict future 


events. Since future events are unknown, researchers have 
proposed that model predictions for historical periods be 
used to examine a model’s predictive ability. 


A variety of validation statistics have been proposed to 
determine the predictive adequacy of econometric models.° 
The most widely used include: the mean absolute relative 
error (MARE), Theil’s U; and U, statistics, and turning 
point error (TPE). The MARE is widely used because of its 
ease in calculation and interpretation. It can be interpreted 
as the mean error of the model’s estimate for a particular 
variable. If the MARE equals zero, the model’s estimate for 
a particular variable exactly equals that variable’s historical 
data. The MARE is independent of measurement units. 


A drawback of the MARE is that it does not possess an upper 
limit. Thus, Theil’s U, statistic was proposed as an alterna- 
tive measure of a model’s predictive ability. The value of this 
statistic equals zero if the model’s estimates for a variable 

are exactly equal to that variable’s historical data. The 
maximum value of Theil’s U, statistic is 1, which will occur 
either when negative proportionality exists between the 
model’s estimates and the historical data or the model always 
predicts a value of zero for nonzero historical values or when 
the model predicts nonzero values for historical values that 
are zero. 


3 See (5) and (7) for indepth discussions on historical 
validation of econometric models. 





Table 2—Milk supply 





Variable 


Equation 





COWSNMC(+1) 
COWKSMC 
(2.41) 
“ 85) 

= 0.987 
COWSEMC 
(0.52) eR 
(18.82) 


2 = 0.961 
MILAP 


(COWSNMC(+1)+ COWSNMC)/2} (-2.61) (2.38) 


(2.20) 
2-=0.991 


(- 5.87) 
2 = 0.984 


(42.31) 


MILSPPLTS 


(MILAP - MILBC) (-17.00) (23.28) 


R? = 0.993 


MILASFM 
MILSPPLTS 


(-1.24) (38.61) 


(1.38) 

a 
R* = 0.986 
MILMFG 


+ 0.0236661 (MILPPFEMAT(- 


0.98 COWSNMC + COWSEMC - COWKSMC 
0.738171 + 0.326629 DUM6569 + 0.479213 DUM5758 - 0. — MILPF/FDD 
5.59) (6.21) 50) 


(-3.5 


+ 0.102808 COWSNMC + 0.501987 COWSEMC - 0. —"* MILPF/CATPFNF 
(2.33) (- 1.62) 


0.203916 + 1. _ MILPF(-1)/CALPF(-1) + 0. tebe MILPF(-1)/FDD(-1) 
4) (1.41) 
+ 0.142653 COWSNMC(- 2) - 0.318917 DUM6571 
(-6.02) 
- 3.92481 + 0.135732 MILPF/FDD + 0.127848 * TIME 
(2.83) 
+ 0.424017 MILAP(-1)/(COWSNMC + COWSNMC(~1))/2 


- 0.381728 + 0.167949 COWSNMC 


- 1.73964 + 0.0717014 . TIME - 0.000473564 .TIME**2 


(- 20.63) 


- 0.0433665 + 1.02736 MILASFM(-1)/MILSPPLTS(- 1) 


1)- MILPPMAT(- 1)) 


MILAP - MILBC - MILCCMC - MILSPFZ - MILSPECM 


FDD 0.5563 CORPF(-1) + 0.0469 SORPF(-1) + 0.2565 OATPF(-1) + 0.0462 BARPF(-1) 





+ 0.0102 WHEPF(-1) + 0.0839 SOMPF(- 1) 





Note: Numbers in parentheses are Student-t values. 


A more stringent test of the predictive ability of an econo- 
metric model is Theil’s U, statistic. This statistic equals zero 
when the model’s estimates for a particular variable exactly 
coincide with that variable’s historical data. It equals 1 if the 
forecast error generated by the model for a variable equals 
the error generated when we assume that variable remains 
unchanged from the previous year. A value greater than 1 
indicates that the model generates predictive errors exceeding 
those derived when we assume current-year values equal 
previous-year values. 


Another measure of the ability of a model to predict turning 
points is the TPE statistic. Errors in predicting turning points 
stem from two sources. First, the model may predict a turn- 


ing point in a variable when one did not occur. Second, the 
model may fail to predict a turning point when one did oc- 
cur. The TPE measures the relative frequency of the total 
number of turning point errors. 


The dairy -sector submodel was validated over the 1966-79 
period.* In the validation run, historical values were used 
for all nondairy-sector variables contained in FAPSIM. The 
dairy-sector submodel generated values for lagged endoge- 
nous variables. As a result, model errors over the historical 
period stem from two sources. The first source is a result of 





4a 9: . . , 
A Gauss-Seidel algorithm is used to solve the model’s 
system of simultaneous equations (4) 





lable 3—Milk price 


able 





Equation 


0.283616 + 0.0178284 MILBUT + 0.599078 MILPWDR 
gg 31) (1.77) (3.15) 


+ 0.0543683 MILAMCHEE 


(5.13) 





PPMAT 


0.999 


226964 + 0.0114579 MILBUT + 0.449113 MILPWDR 
1§ (3.34) (3.52) 


+ 0.0663590 MILAMCHEE 
(9.31) 

R* = 0.999 

MILCIDF + MILMWAT 


MILOOP + MILOMP 


MILPFDIF + [(MILECLOP)(MILCCMC)(MILSPPLTS)/(MILAP - MILBC) + 
(MILMWAT)((MILASFM - MILCCMC)(MILSPPLTS))/(MILAP - MILBC)]/MILASFM 


MILPPFEMAT)(MILASFM) + (MILPPMAT)(MILSPPLTS - MILASFM) ]/MILSPPLTS 


n parentheses are Student-t values 








4—Butter sector 
able ‘| Equation 
~ “Bias 72 + 1.22365 MILBUT/MILAMCHEE + 0.0116949 MILMFG 
(6.31) (2.40) 


52769 MILAMCHEE/MILPWDR + 0.153427 DUM74 
(2.40) 








0.926 


0.0600122 - 0.00274512 BUTIR/MARIR + 0.00114400 ite cae 0.00080432 DUM74 
(9.17) (-2.46) (3.12) -1.61) 
- 0.152247 . TIME/.NPC 


(-8.93) 


9 
R* 0.869 


0.0858682 + 9.0130207 MILBUT + 0.0413876 .WRHD + 0.101378 .GASIR 
(-3.36) (16.24) (4.12) (2.95) 


R? 0.996 
0.0036095 + 0.0162062 BUTSP + 0.0156486 DUM7374 
(0.32) (2.49) (2.49) 


R* = 0.203 


(- BUTSP + BUTCC + BUTHB(+1) - BUTHB + BUTMX + BUTCM - BUTMI + BUTHG(+1) - BUTHG)~! 
BUTSP - BUTCC + BUTHG - BUTHB(+1) + BUTHB- BUTMX ~- BUTCM + BUTMI 
BUTHG(+1)~- BUTHG - BUTGG + BUTMG - BUTDV 


Numbers in 








parentheses are Student-t values 





Table 5—Cheese 


sector 





Variable 


Equation 





CHESP 


CHEIRAM 


CHEHB(+1) 


MILAMCHEE 
CHEHG(+1) 
CHEGU 





- 6.07091 + 0.111475 MILMFG + 3. +o MILAMCHEE/MILBUT 
(-3.74) (10.79) ee, 


+ 0.0101392 MILAMCHEE/MILPWDR - 0.517856 DUM74 + 0.288983 DUM68 
(0.60) (-3.22) (2.15) 
R2 = 0.966 


0.00307155 - 0.955747 CHEIRAM/.PC + 0.609481 . YPD$/(.NPC)(.PC) 
(2.528) (-2.02) (7.68) 


0. ila DUM7480 
(6.90 
-. 


+ 


R* = 0.990 


0.0391632 + 0.0138097 MILAMCHEE + 0.0832134 .WRHD + 0.0832052 .GASIR 
(1.00) (4.20) (1.59) (1.13) 


9 
R* = 0.995 


- 0.139726 + 0.260058 CHEHB + 0.556479 CHESP 
(- 3.23) (1.48) (3.06) 


R? = 0.581 

(- CHESP + CHECT + CHEHB(+1) - CHEHB + CHEMX + CHECM - CHEMI + CHEHG(+1) - CHEHG)~! 
CHESP - CHEHB(+1) - CHECT - CHEMX - CHECM + CHEMI + CHEHB + CHEHG 

CHEHG(+1)- CHEHG + CHEGG + CHEMG - CHEDV 





Note: Numbers in parentheses are Student-t values. 


Table 6—Nonfat dry milk sector 





Variable 


Equation 





MILSPND 


MILCCND 
-NPC 


MILHBND(+1) 


MILPWDR 


MILHGND(+1) 


MILGUND 


0.220950 + 1.50162 BUTSP - 0.225588 CHESP 
(0.71) (8.62) (- 4.44) 


R? = 0.961 


0.00667157 + 0.00140079 DUM73 - 0.00243915 MILPWDR/MILIR + 0.0515417 . YPD$/(.NPC)(.PC) 
(14.99) (5.07) (- 10.95) (2.08) 


2 O° 
R” = 0.937 


<< | atiaia 27 ou a ane 


R2 = 0.301 


(- MILSPND + MILCCND + MILHGND(+1) - MILHGND - MILMIND - MILHBND + MILMXND 
+ MILBCND + MILHBND(+1) + MILCMND)-1! 


MILCCND + MILSPND + MILHGND - MILBCND + MILHBND - MILMXND + MILMIND 
- MILHBND(+1)- MILCMND 


MILHGND(+1)- MILHGND + MILGGND + MILMGND - MILDVND 








Note: Numbers in parentheses are Student-t vaiues. 





Table 7—Evaporated and condensed milk sector 





Variable 


Equation 





MILSPEC 


MILCCEC 


MILHTEV(+1) 


ILIREV 
MILSPECM 





54493 - 0.112500 . TIME + 0.939724 MILIREV/MILIR 
(33.12) (- 16.89) (3.40) 


R? = 0.975 


0.0230599 + 0.00121912 DUM6568 - et .00241843 MILIREV/MILIR - 0. oe - - YPD$/(.NPC)(.PC) 
(13.12) (4.06) (-2.15) (-5.37) 


2 - 0.980 


.0291461 + 0.0546571 DUM6667 + 0.0862268 MILSPEC 
.82) (3.35) (9.68) 


9 
= 0.862 
(- MILSPEC + MILCCEC + MILHTEV(+1)- MILMIEC + MILMXEC + MILCMEC - MILHTEV)-! 


0.313912 + 1.96209 MILSPEC 
(6.63) (75.60) 


R? = 0.997 





Note: Numbers in parentheses are Student-t values. 


Table 8—Frozen desserts and fluid milk sector 





Variable 


Equation 





MILCCFZ 
.NPC 


MILIRIC 


MILSPFZ 
MILCCMC 
»=NPC 


MILIR 


DARCPI 


DAIGP 


DAIFC 





1 aaa 0300 MILIRIC/.PC - 1 el YPD$/(.NPC)(.PC) 
(7.28) te 48) (-0.61) 


9 
R* = 0.740 


+ 0. 335003 .WRHD + 0.0423319 MILECLOP - : a . TIME 
(1.79) (-8.44) 


MILCMFZ - MILMIFZ + MILCCFZ 


2.45628 - 0.0915642 MILIR/.PCNAL - 0.0470187 MILIR/MILPWDR - 6.02686 .TIME 
(10.67)  (-7.86) (- 2.54) (-9.75) 


R2 = 0.960 


0.221189 + 0.0491676 .WRHD + 0.105076 MILECLOP 
(14.85) (3.37) (13.24) 


R2 = 0.997 


- 0.039374 + 0.671257 MILIR + 0.102841 BUTIR + 0. oe CHEIRAM + 0.0775998 MILIRIC 
(- 4.80) (39.59) (11.69) (14.60) (10.26) 


R? = 0.999 
((BUTGU)(MILSPPBUT) + (CHEGU)(MILCHCHSPP) + (MILGUND) (MILNFDSPP)) .10 


290.148 + 9.97787 (MILPF)(MILSPPLTS) 
(10.42)(282.07) 


R2 = 0,999 





Note: Numbers in parentheses are Student-t values. 





the inability of the model’s equations to exactly predict in milk production that did not occur. Two of those errors 

economic events in the dairy sector in any particular year. occurred in 1974 and 1975 when milk prices were increasing 

The second source stems from the model’s inability to ex- rapidly. However, as indicated by the MARE and by Theil’s 

actly predict past (lagged) values for dairy-sector variables. U statistics, the failure to predict such turning points did not 
lead to substantial prediction errors. 

Table 9 presents the validation statistics computed for the 

dairy-sector variables for the 1966-79 period.* Overall, the Milk prices are predicted with reasonable accuracy, as well 

dairy -sector equations appear to predict with reasonable as production, utilization, and prices of manufactured dairy 

accuracy. Total cow numbers (COWSNMC) were predicted products. Of the 44 variables, 27 are predicted within a 

with an average error of less than 1 percent and with no turn- 5-percent error on average over the 1966-79 period, and 26 

ing point errors. Total milk production (MILAP) was have fewer than four turning point errors (table 9). Only 

predicted within about 1 percent. Over the 14-year seven variables have average errors exceeding 10 percent, and 

(1966-79) period, the model predicted three turning points only five variables have Theil’s U, statistics exceeding 1.0. 





5 “ ; — . = 
The validation statistics presented in table 9 for milk : , 
production and price are similar to those obtained when the Commercial stocks of evaporated and condensed milk, non- 
entire FAPSIM model was validated (10). fat dry milk, and butter were all predicted with an average 


Table 9—Validation statistics, 1966-79 


VYeslabie Mean absolute Theil U, Theil U2 Turning point 
relative error statistic statistic error! 

















Percent 


0.174 0.329 
.215 .445 
.668 1.296 
.332 .673 
.311 .615 
.344 .703 
.340 .697 
.327 .668 
.394 .867 
.320 .619 
.315 .620 
.516 .819 
.203 407 
.167 .319 
.231 .424 
.233 426 
.531 .394 
.379 .942 
.382 -790 
277 497 
.327 .644 
.217 .420 
.180 .367 
449 .862 
.217 437 
.221 .459 
.241 445 
424 .743 
.238 .513 
.282 .486 
.304 .552 
.268 .572 
.250 .542 
.355 .598 
.569 .420 

CHEIRAM 3.§ .247 .505 

BUTSP 5. .520 951 
BUTCC 4.5 .505 113 
BUTHB 3. .315 .540 
BUTGU 50. 403 -790 
BUTIR .382 .885 
DARCPI 3. .221 .450 
DAIFC ‘ .336 .735 
DAIGP 47.69 .580 1.393 


COWSNMC 
COWKSMC 
COWSEMC 
MILPF 
MILECLOP 
MILMWAT 
MILPPFEMAT 
MILPPMAT 
MILBC 
MILAP 
MILSPPLTS 
MILASFM 
MILMFG 
MILSPFZ 
MILSPEC 
MILSPECM 
MILCCMC 
MILBUT 
MILAMCHEE 
MILPWDR 


_ 


obo 
RON WTO, RNR NN PID WOW WORE DOUG POWNO 
sepa SERS AR RB ee ‘ ‘ 








‘The number of turning point errors divided by 14, the total number of possible turning point errors. 





error exceeding 10 percent. Such errors were not unexpected 
as commercial stocks of these dairy products are small rela- 
tive to total production (generally less than 0.5 percent) and 
tend to be quite volatile. Because such stocks comprise only 
a small portion of the demand for these dairy products, siz- 
able prediction errors in these variables do not generally 
result in substantial errors in other variables. 


The three additional variables with MARE exceeding 10 per- 
cent were USDA purchases of cheese (CHEGU), butter 
(BUTGU), and nonfat dry milk (MILGUND). However, if 
1979 is ignored, the MARE of USDA purchases of cheese 
declines from 101 to 34 percent and the MARE of USDA 
purchases of butter declines from 50 to 22 percent. The 
large overestimates of Government purchases of butter and 
cheese in 1979 stem from an overestimate of milk produc- 
tion coupled with an underestimate of fluid milk consump- 
tion. Both those prediction errors caused the model to over- 
estimate butter and cheese production, which in turn caused 
substantial overestimates of USDA purchases of butter and 
cheese. 


The Theil U, statistic and the TPE statistic suggest that the 
large errors predicted for USDA purchases of butter, cheese, 
and nonfat dry milk are somewhat misleading. First, the 
number of turning point errors are not substantial. Second, 
for both butter and nonfat dry milk, the model outperforms 
a no-change-from-previous-year forecast. Furthermore, such 
purchases were extremely volatile over the validation period 
and in many years were negligible. For example, USDA 
purchases of cheese ranged from less than 3.0 million pounds 
in 1973 to 148.0 million pounds in 1977. The MARE sta- 
tistic will tend to be large in such circumstances as a 3.0- 
million-pound error in 1973 is treated as equivalent to a 
148.0-million-pound error in 1977. 


An additional validation test is to compare model predictions 
with actual data for periods not included in the estimation of 
model equations. Therefore, we performed a 1-year simula- 
tion for 1980. The model estimated milk prices and produc- 
tion with less than a 1-percent error. The only substantial 
error occurred in the model’s estimate of USDA cheese 
purchases; it exceeded its actual value by 106.0 percent. 
Again, the residual nature of this variable was the cause of 
the large error. In 1980, the model overestimated cheese 
production by 5.0 percent, and it underestimated civilian 
consumption of cheese by 6.8 percent. Together, these two 
errors caused the large overestimate of USDA cheese pur- 
chases. This finding suggests that although the supply and 
utilization of dairy products may be estimated with reason- 
able error, the residual nature of dairy product purchases 
may still result in rather substantial errors in predictions for 
USDA purchases. 


Overall, the model seemed to perform adequately over the 
1966-79 validation period and in 1980. The model demon- 


strated an ability to generate reasonable and accurate fore- 
casts for a period characterized by rapidly changing milk 
prices. 


Analysis of Dairy Price Supports 


In the remainder of this article, we use the dairy submodel 
and other submodels contained in FAPSIM to examine the 
effects of alternative dairy price-support options on the 
dairy sector and on other livestock and crops sectors. We 
explore these impacts by comparing FAPSIM model fore- 
casts under two alternative assumptions of price-support 
levels. An initial FAPSIM model baseline for the 1981-85 
period was generated under the assumption that manufac- 
tured milk would be supported at 75 percent of parity 
without semiannual adjustment. A second set of model 
forecasts for the 1981-85 period were generated under the 
assumption that manufactured milk would be supported at 
65 percent of parity without semiannual adjustment. For this 
latter alternative, however, the price-support level was held 
at the April 1, 1981 level until it fell below 65 percent of 
parity. Table 10 presents the changes in dairy-sector vari- 
ables forecasted by FAPSIM. 


The results suggest that the farm price of milk (MILPF) 
would fall by about $0.11 per cwt in 1981 and by $0.83 per 
cwt in 1982. However, because of the assumption that the 
support level will not fall below the April 1, 1981 level, the 
full impact of the decline in support to 65 percent of parity 
does not occur until 1983. In 1983, the farm price of milk 
falls by $1.26 per cwt. 


Farmers respond to the decline in support by increasing cow 
slaughter and by reducing the number of dairy cow replace- 
ments. By 1985, the model estimates that dairy cow numbers 
would fall by 0.22 million head. Total milk production 
would be about 3.0 billion pounds lower in 1985, resulting 
from the decline in support to 65 percent of parity. 


The model indicates that civilian consumption of cheese 
(CHECT), butter (BUTCC), frozen milk products (MILCCFZ), 
and nonfat dry milk (MILCCND) would increase after the 
decline in support. Such increases coupled with reduced sup- 
plies would decrease USDA dairy product purchases. Con- 
sumption of evaporated and condensed milk declines slightly 
after the decline in support. This adjustment occurs because 
the retail price of fluid milk (MILIR) declines relative to the 
price of evaporated and condensed milk, thus reducing de- 
mand for evaporated and condensed milk. 


USDA purchases of butter, cheese, and nonfat dry milk 
decline considerably. In 1983, the cost of USDA purchases 
of butter, cheese, and nonfat dry milk were estimated to fall 
by $870 million. Cash receipts to dairy farmers were esti- 
mated to fall by $1.8 billion in 1983. 





Table 10—Impact on dairy-sector variables of changing from 75 to 65 percent of parity, 1981-85’ 





198 


1981 | 


Variable 


2 


| 1983 | 1984 





-0.006 
.006 
.000 
.106 
.106 
.106 
.104 
on 
.000 
.074 
.072 
060 
114 
.007 
000 
.000 
.034 
.690 
000 
.045 
106 
.011 
004 
007 
.000 
.019 
.000 
.012 
.005 
.000 
.016 
000 
.011 
000 
- 012 
-.014 
- 008 
005 
.000 
-.013 = 
- .022 e* 
= 013 i 
- .143 
21 


COWSNMC 
COWKSMC 
COWSEMC 
MILPF 
MILECLOP 
MILMWAT 
MILPPFEMAT 
MILPPMAT 
MILBC 
MILAP 
MILSPPLTS 
MILASFM 
MILMFG 
MILSPFZ 
MILSPEC 
MILSPECM 
MILCCMC 
MILBUT 
MILAMCCHEE 
MILPWDR 
MILOMP 
MILIR 
MILIRIC 
MILCCFZ 
MILCCEC 
MILIREV 
MILHTEV 
MILSPND 
MILCCND 
MILHBND 
MILGUND 
CHESP 
CHECT 
CHEHB 
CHEGU 
CHEIRAM 
BUTSP 


. TS Ce) 2 Bohs 


-1. 
-440. 





-66 


-0.049 
.039 
-.003 
834 
.843 
843 
.832 
.848 
.001 


.650 


593 


.505 
.967 
.048 
.001 


22 


=0.772 
.022 
.038 
.226 
.221 
.220 
.205 
.380 
-.020 
2.381 
2.225 
447 
2.521 
.062 
.003 
.006 
.103 


-0.114 
.040 

- .026 
.258 
.253 
.253 


.000 

.079 

127 

157 

.058 

.005 

.233 

.330 : 

.148 -.150 
=4 ae ~2:i3%7 

-1,097.19 -1,359.91 


-1. 
- 869.66 





1 Change in respective variable predicted by FAPSIM after the price-support level was reduced to 65 percent of parity. 


The multicommodity nature of FAPSIM enables one to 
examine the impacts of a policy change on all agricultural 
commodity sectors. Because the above policy change affects 
livestock production and the demand for feed, sizable adjust- 
ments may occur in both the beef and veal and the feed-grain 
sectors. FAPSIM predicts that the price of corn would fall by 
3.0 cents per bushel in 1985. Similar declines were estimated 
for sorghum and barley. The price of oats and soybeans de- 
clined by 8.0 cents per bushel in 1985. The larger decline in 
the price of oats is expected because of the high proportion 
consumed by dairy animals. The model predicts that the 
price of beef cattle would change by less than $1.00 per cwt 
as a result of changing the price-support level to 65 percent 
of parity. 


Although not large, these predicted changes in crop prices 
suggest that if researchers fail to allow for feedback among 


12 


the crops, livestock, and dairy sectors when analyzing changes 
in dairy policies, sizable errors inay occur. To quantify the 
potential magnitudes of such errors, we simulated the 
65-percent-of-parity scenario under the assumption that 
nondairy-sector variables remained at the levels predicted 
under the 75-percent-of-parity option. Table 11 contains 

the percentage errors in adjustment resulting from assuming 
no feedback among the crops, livestock, and dairy sectors. 


Table 11 suggests that treating the dairy sector in isolation 
would result in moderate errors. For example, failure to 
allow for feedback among the crops, livestock, and dairy 
sectors would result in about a 10-percent error in predict- 
ing the adjustment in milk production during the 1981-85 
period. Milk production would have been estimated to de- 
cline by an additional 0.4 billion pounds in 1985 under the 
assumption that the change in price-support policy would 





Table 11—Estimated error in adjustment resulting from assumption of no feedback among the crops, beef and veal, 
and dairy sectors, 1981-85' 





Variable 1981 | 1982 


| 1983 | 1984 





COWSNMC 
COWKSMC 
C OWSEMC 
LPF 
LECLOP 
WAT 
sPPFEMAT 
LPPMAT 
BC 
LAP 
{ILSPPLTS 
,ASFM 
ILMFG 
SPFZ 
LSPEC 
MILSPECM 
sCCMC 
LBUT 
,AMCHEE 
,.PWDR 
LOMP 
IILIR 
ILIRIC 
J,CCFZ 
LCCEC 
MILIREV 
MILHTEV 
MILSPND 
MILCCND 
MILHBNC 
MILGUND 
aSP 


.00 
.00 
.00 
.00 
DARCPI .00 
DAIFC .00 
DAIGP mar ii ! 





Percent 


-1.83 





‘ Estimated percentage error in respective variable resulting from assumption of no feedback. 


not have affected crop and livestock prices. This additional 
adjustment compares with an estimated total adjustment in 
milk production of 3.0 billion pounds. 


he level of milk prices does not seem substantially affected 
by assuming no feedback among the crops, livestock, and 
dairy sectors. The maximum error in estimated adjustment 
was 4.4 percent. However, the Government’s price-support 
operations through purchases of dairy products largely 
ensure that large errors in predicting the adjustment in milk 
prices will not occur. 


However, USDA purchases of dairy products could differ 
substantially because of the error in predicting the adjust- 


ment in milk production. In 1985, failure to allow for feed- 
back would result in a 5.5-percent underestimate of the 
adjustment in USDA outlays for purchases of dairy products, 
which amounts to an underestimate of $75 million. 


Conclusions 


Mounting Government surpluses of manufactured dairy 
products and recent substantial Federal budget outlays for 
dairy price supports have renewed debate on the Govern- 
ment’s role in the U.S. dairy industry. A variety of proposals 
have been formulated by policymakers, farmer groups, and 
the dairy industry to reduce the Government’s role in milk 





pricing and marketing. The complexity of the dairy industry 
requires that a formal analytical framework be developed so 
that the potential impacts of alternative proposals on dairy 
farmers, milk processing firms, and consumers can be ana- 
lyzed and quantified. 


The dairy submodel! described here explicitly recognizes the 
role of the Government in supporting milk prices and 
marketing. Furthermore, the model captures the interrela- 
tionships among dairy products at both processing and 
consumer levels. 


The dairy sector submodel has been integrated into USDA’s 
FAPSIM. FAPSIM estimates a simultaneous price-quantity 
equilibrium solution for a set of individual commodity mod- 
els for beef, pork, dairy, chickens, eggs, turkeys, corn, oats, 
barley, grain sorghum, wheat, soybeans, and cotton. FAPSIM 
can be used to explore the impacts of changes in dairy policies 
on crop and livestock producers as well as the impacts of 
changes in nondairy-sector variables (for example crop ex- 
ports) on milk prices and production and on Government 
purchases of dairy products. 


The model suggests that reducing the price-support level on 


manufacturing milk from 75 to 65 percent of parity would 
cause the farm-level price of milk to fall $0.83 per cwt in 
1982 and $1.26 per cwt in 1983. Total milk production 
would be about 3.0 billion pounds lower in 1985, and USDA 
outlays for purchases of dairy products would be about $1.4 
billion lower in 1985. 


Failure to allow for feedback among the dairy, beef, and 
crops sectors results in an overestimate of the production 
adjustment that would occur as a result of reducing the sup- 
port level to 65 percent of parity. The magnitude of error is 
below 10 percent for most major dairy-sector variables such 
as milk production, prices, and Government outlays. Failure 
to allow for feedback (solving a dairy submodel in isolation) 
among the dairy, beef, and crops sectors appears not to cause 
sizable errors in predicted adjustment. Nevertheless, integrat- 
ing a dairy-sector submodel with other commodity models 
increases the level of precision in predicting adjustment 
within the dairy sector. Also, an integrated model permits us 
to examine the impacts of dairy-sector adjustment on other 
agricultural commodity sectors as well as to examine the 


effects of shocks in nondairy-sector variables on milk prices 
and production and on Government outlays. 
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The Demand for Food Consumed at Home 
and Away from Home 


By R. McFall Lamn, Jr.* 








Abstract 


Over the last 20 years, consumers have spent a declining portion of their income on food for 
consumption at home, while the share of income spent on meals purchased at restaurants, cafe- 
terias, and fast-food chains has held constant. This article attempts to explain this phenomenon by 
estimating a 3-equation translog system of quarterly consumer demand for food consumed at 
home, purchased meals, and nonfood items. An explicitly additive, nonlinear, nonhomothetic 
translog system is found to be the best representation. Results indicate that rising consumer 
incomes rather than changing relative prices are the principal reason consumers are eating away 


from home more often. 


Keywords 


Consumer food demand, translog system, dynamic model 





\ significant economic trend in recent decades is the declin- 
ing share of consumer expenditures on food purchased for 
consumption at home. Per capita expenditures for at-home 
consumption fell steadily from 16.9 percent of all expendi- 
tures in 1960 to 13.2 percent in 1980. This drop occurred 
while the share of consumer expenditures on meals pur- 
chased at restaurants, cafeterias, and fast-food chains re- 
mained constant at about 4.0 percent. In contrast, the non- 
food share of all consumer expenditures rose from 79.1 
percent in 1960 to 82.8 percent in 1980. Hence, nonfood 
consumption has become more important relative to food 
consumption, and the consumption of purchased meals has 
become more important relative to food consumed at home. 


Few researchers have attempted to explain why the budget 
share of food purchased for consumption at home has de- 
clined relative to away-from-home consumption. In their 
1970 study, Houthakker and Taylor (7) did analyze the de- 
mand for food consumed at home and away from home; but, 
the recent systems work by Brown and Heien (1), 
Christensen and Manser (3, 4), and Manser (9) focuses only 
on at-home food demand.’ Furthermore, these studies 
consider only annual consumption patterns. Although annual 
data can be used to explain why expenditures for food 


*The author is an economist with the Pillsbury Company, 
Minneapolis, Minn.; he was formerly with the National Eco- 
nomics Division, ERS. The opinions presented in the article 
are the author’s and do not conde represent views of the 
U.S. Department of Agriculture. The author wishes to thank 
Paul Westcott, John Craven, John Culbertson, and several 
unonymous reviewers for their helpful comments, and Anne 
Rogers for her statistical assistance. 

! Italicized numbers in parentheses refer to items in the 
References at the end of this article. 


consumed at home declined relative to food purchased away 
from home, policymakers and forecasters are also interested 
in consumer demand over shorter periods 


In this article, I examine the nature of quarterly demand 
for purchased meals and for food consumed at home by 
using a three-equation model of consumer demand. I con- 
sider three aggregate goods: meals purchased away from 
home, food purchased for consumption at home, and non- 
food items. The methodology used requires estimation of 
a family of competing translog demand functions. I find 
an explicitly additive, nonlinear, nonhomothetic form to 
be the best system representation. I then derive impact, 
interim, and total multiplier elasticities and review the impli- 
cations of the results. My major conclusion is that rising 
consumer income is the primary variable that explains why 
the consumption of purchased meals has become more im- 
portant relative to food consumed at home. 


The Model 


Christensen, Jorgenson, and Lau (2) proposed the translog 
utility function as a second-order approximation to allow 
tests of different assumptions normally imposed on con- 
sumer demand systems. The indirect form of the translog 
utility function is written as: 


1 
In U = aQ + 2 a:p.* +—2 =B.p* p.* 
i 9 ij ) J 


Maximization of this equation subject to the budget con- 
straint leads to “‘share’’ equations of the form: 
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where w; = p;x;/m (the budget share); p;* = 1n(p;/m); p; is 
price; x; is consumption; m is total expenditure; and @;, 
Bij ¥i, j are parameters. Multiplying through each side by 
m/p; gives demand equations which are neither additive 
nor homothetic.” 


Phlips (10), Manser (9), and other consumption analysts have 
criticized static demand systems because they neglect the 
influence of habit formation. This would seem to be a partic- 
ularly important aspect of food consumption. Manser pro- 
posed a dynamic version of the indirect utility function to 
incorporate habit formation by defining the a; as a linear 
function of lagged consumption. This specification allows 
interaction between prices, total expenditures, and lagged 
consumption, and is written as: 
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It preserves the general characteristics of the translog ap- 
proximation and yields budget equations of the form: 
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where the normalization 2¢. + > 5 5Xit ~ 1 = ~1 is imposed 
to assure that budget shares sum to unity. Importantly, 
from these share equations (6), impact, interim, and total 
multipliers (or elasticities) can be derived straightforwardly. 
This property is crucial for interpreting the full implications 
of any set of dynamic demand functions. 


Empirical Implementation 


Because all the parameters of a k equation translog demand 
system can be derived from estimating any k - 1 equations 
and because the system variance-covariance matrix is singu- 
lar, only the budget share equations for food consumed at 
home and for purchased meals need to be estimated. The 
stochastic systen. of interest is then: 





2 The literature on translog demand systems is well devel- 
oped (2, 3). The indirect utility function is used in lieu of the 
direct function because elasticities are easily obtained from 
budget share equations. 
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where symmetry (bj; = bj; ¥i,j) and the normalizations, 

a + a9 + ag = -1 and 2d;x;; — ; = 0, are imposed on the 
general translog form.’ Equation (5) is the budget share 
equation for food consumed at home, and equation (6) is the 
budget share equation for purchased meals. The subscripts 

1, 2, and 3 denote food consumed at home, purchased meals, 
and nonfood items, respectively. Each equation represents a 
general, nonhomothetic, nonadditive utility function which 
allows for habit formation. 


By the imposition of restrictions on equations in demand 
systems, special cases of the utility function are implied. For 
the indirect translog function, those cases of greatest interest 
include explicit additivity (imposed using b;; = 0, i * j); 
homogeneity (imposed with 2 bjj = 0 ¥i); and the absence 
of habit formation (introduced by setting d; = 0 ¥i). As long 
as equations (5) and (6) can be estimated, these restrictions 
can be tested explicitly as nested maintained hypotheses. 
This is the approach Manser used when choosing among 
alternative models which are special cases of the general 
translog system. 


In practice, it is difficult to estimate equations (5) and (6); 
the large number of parameters, nonlinearity, and the proba- 
bility of collinearity between e, and eg complicate matters. 
Christensen, Jorgenson, and Lau estimated a three-equation 
translog system using Malinvaud’s (8) maximum likelihood 
estimator. Christensen and Manser (3) and Manser (9) used 
the nonlinear, iterative Zellner (12) estimation procedure 
(which converges to maximum likelihood estimators) to 
estimate a four-equation translog system. Both these studies 
utilized annual data which generally contain fewer measure- 
ment errors than do the quarterly data I consider here and, 
consequently, they were easier to estimate. 


Estimation Results 


I attempted to estimate equations (5) and (6) using the non- 
linear, iterative estimation technique proposed by Gallant 
(5). The estimation algorithm is contained as part of the 
Statistical Analysis System (11) and uses the modified Gauss- 
Newton iterative approach to solve for estimators. It allows 
restrictions to be imposed through parameter definition. 
Even with a large range of possible starting values, conver- 


: 3The symmetry restriction is testable, but it requires sig- 
nificantly increasing the number of parameters contained in 
the model. The normalizations facilitate estimation. 





gence could not be attained for the general equations. How- 
ever, attempts to estimate most of the restricted forms of the 
system were successful.* 


lable 1 presents estimation results. On the basis of the as- 
ymptotic standard errors, most parameters are highly signifi- 
cant statistically and of appropriate magnitude.° The calcu- 
lated error sums of squares for each equation differ 
significantly. The explicit additivity restriction with habit 
formation gives the best fit for both equations; the error 
sums of squares are 0.32 10-5 and 0.41 10~°, respectively. 
Imposing homogeneity with habit formation gives the second 
best fit with error sums of squares of 2.58 10-5 and 

0.69 10~° 


* Data on expenditure shares, prices (measured by the ap- 


propriate expenditure class deflator), and total expenditures 
ure from the U.S. Department of Commerce. One can obtain 
onsumption series by dividing total expenditures in each 
class by the expenditure class deflator. The sample consists 
f 83 observations covering the period from 1960 I to 1980 
III. The food-consumed-at-home variables are defined as the 
Commerce food-consumed-off-premises series, whereas the 
urchased meals variable is defined as the Commerce food- 
ynsumed-on-premises series. 
Autocorrelation may be an important, but neglected, 
onsideration 


Given explicit additivity and habit formation, one can test 
whether homogeneity and no habit formation are suitable 
restrictions using likelihood ratios. Table 2 presents the 
appropriate chi-square test statistics and the critical chi- 
square values at the 99-percent confidence level. In both 
instances, further restriction of the explicit additive form 
with habit formation is rejected with more than 99-percent 
confidence. It is also possible to test whether additional 
restrictions on the homogeneous system with habit forma- 
tion are acceptable. Again, the imposition of no habit forma- 
tion, explicit additivity, and explicit additivity without 
habit formation are rejected with more than 99-percent 
confidence. 


This process reduces the model selection problem to a choice 
between the explicit additive system with habit formation 
and the purely homogeneous system with habit formation. 
Based on the error sum of squares, the former is preferred on 
the basis of fit. More information can be generated if dyna- 
mic simulations of the system are performed and if the 
resulting percentage root mean square errors (RMSE) and 
mean absolute errors (MAE) are computed.® Table 3 presents 





©The Gauss-Seidel method for solving nonlinear systems 
is utilized. The nonlinear simulation algorithm is part of the 
Statistical Analysis System. Actual lagged endogenous vari- 
ables are used as starting values for each simulation. 


lable 1—Nonlinear, iterative Zellner estimates for various forms of the indirect translog utility function’ 
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1.73 107© 
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336 1072 
(022 107°) 


-.154 1073 
(019 107) 


061 
(.009) 


-.016 
(.009) 
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2.58 107° 
69 10~° 


-0.150 
(.001) 


-.042 
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Blanks indicate not applicable. 


' Asymptotic standard errors are presented in parentheses. Symmetry is imposed for all models. For additivity, bj 2 = 0; for 
omogeneity, bj] + b19 + b13 = 0 and bj 9 + bgg + bas = 0 (by + by 9 replaces bj 3 and bj 9 + bg@ replaces bg in estimation); 


ind the absence of habit formation requires dj = dg = 





Table 2—Test statistics for alternative restrictions on the 
general translog form 





Degrees of x? x70.005 


Restriction freedom 











Given explicit additivity and habit 

formation 
Homogeneity : 295.8 12.84 
Homogeneity, 


no habit 
formation 


421.9 16.75 


Given homogeneity and habit formation 
No habit formation 2 148.0 10.60 
Explicit additivity 3 81.5 12.84 


Explicit additivity, 
no habit formation 207.7 16.75 








Table 3—Comparisons of fit: Explicit additivity with 
habit formation versus homogeneity with habit 
formation 





Explicit 
additivity 


RMSE | MAE 


Percent 


Homogeneity 
Budget share 








RMSE | MAE 





Food consumed at home 1.21 0.91 3.29 2.44 


Purchased meals 1.44 .89 1.97 1.49 


Nonfood items 22 16 .62 45 








the resulting summary statistics. For all three budget shares, 
the explicit additive form with habit formation performs 
best in terms of predictive ability. Hence, given a choice 
between competing restrictions, the imposition of explicit 
additivity is more reasonable. 


Implications 


Assuming explicit additivity with habit formation as the best 
available translog approximation to consumer preferences, 
exploring the implications of the estimates is worthwhile. It 
can be shown that the direct price and expenditure elastici- 
ties take the form:’ 


(7) 





7 A mathematical appendix illustrating the derivation of 
these expressions as well as equations (9) and (10) is available 
from the author. 
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Table 4 presents estimates of these elasticities for each com- 
modity, evaluated at mean exogenous values for selected 
years. Current-quarter demand for food consumed at home 
and for purchased meals is highly inelastic, both with respect 
to price and to total food expenditure. In contrast, the de- 
mand for nonfood items is both price and expenditure- 
elastic. 


The results are generally consistent with prior expectations; 
the demand for food is traditionally assumed to be price- 
and income-inelastic. But, it is usually presumed that the 
demand for purchased meals is more price- and income- 
elastic than the demand for food consumed at home; pur- 
chased meals are less necessary and more of a luxury than 
are meais at home. For this reason, the initial findings are 
somewhat puzzling. When the dynamic implications of the 
model are fully considered, however, one finds the demand 
for purchased meals is more elastic with respect to price 
and to total expenditure than is the demand for food con- 
sumed at home. 


To show the dynamic implications of the model, we must 
solve equations (5) and (6) for x; using w; = p;x; and we must 
substitute the resulting values sequentially for x;, — ;. Com- 
puting the price and income elasticities at each stage of 

this process with respect to changes t - j periods ago leads to 
the general expressions: 


Pit -—» OX 
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Table 4—Direct price and expenditure elasticities, selected years 





Price elasticity 


Expenditure elasticity 





Food consumed 
at home 


Purchased 
meals 








Nonfood 
items 





Food consumed 
at home 


Purchased 
meals 











Percent 








Table 5—Interim price and expenditure elasticities for food 
consumed at home, purchased meals, and nonfood 
items’ 


These are the interim elasticities for price and total expendi- 
tures, respectively.® Expression (9) gives the percentage 
impact on consumption this quarter resulting from a 
1-percent increase in price n quarters ago. Similarly, expres- 
sion (10) gives the impact on consumption this quarter re- 
sulting from a 1-percent increase in total expenditures n 
quarters ago. 





Nonfood 
items 


Purchased 
meals 


Food consumed 
at home 





Total 
expendi- 
ture 


Total 
expendi- 
ture 


Total 
expendi- 
ture 


Price Price Price 




















Percent 


-0.075 


Table 5 presents calculated, mean sample, interim elasticities 
for food consumed at home, purchased meals, and nonfood 
items over 8 quarters as well as the total multiplier elasticities 
obtained by summing all interim multipliers over 20 quarters ~.067 
(after which additional quantity impacts converge to approx- : ; ye 
imately zero). The total multiplier elasticities represent the : 4 -.050 
ultimate effect on consumption of a 1-percent increase in 

: p s . 7 -.046 
prices or in total expenditures many quarters ago. Clearly, ; - 043 
the longrun demand for food consumed at home is less price- -.039 
and expenditure-elastic than is the demand for purchased ~ 036 
meals; total price and expenditure elasticities are -0.630 and 
0.507 for food consumed at home and -0.701 and 0.995 for 
purchased meals. This finding is consistent with traditional 
theory. In addition, the longrun demand for nonfood items 
is more elastic with respect to both price and expenditure. 


1.186 


-.179 
.028 
~.005 
.001 


-.000 
.000 
-.000 
.000 


1.031 


- 1.020 


192 
-.023 
.003 
-.001 


.000 
-.000 
.000 
~.000 


- .888 


0.114 


.102 
.092 
.083 
.076 


.070 
.064 
.059 
.055 


.995 





Total F - Ton 


1 Evaluated at mean sample levels. Total multipliers are 
20-quarter sums of interim multipliers. 





The evidence presented in table 5 further suggests that the 
effects of changes in own price or expenditures quickly af- 
fect food consumption at home, whereas the effects of 
changes in own price or expenditures for purchased meals are 
felt only after many quarters. Thus, over two or three quar- 
ters, increases in disposable income will have a greater effect 
on food consumed at home than on purchased meals. Simi- 
larly, price changes in grocery stores have a larger shortrun 
impact on food consumption at home, substantially more 
than the effect of changes in purchased meal prices on food 


consumption away from home. This may simply reflect the 
fact that lunches during work days or food consumed while 
traveling must generally be purchased. In the long run, how- 
ever, adjustment occurs, and the amount of food purchased 
in grocery stores for home consumption is less sensitive than 
is the consumption of purchased meals to price and expendi- 
ture changes. 


Conclusion 


I have fitted indirect translog budget share equations for a 
three-good aggregate system using quarterly data. An ex- 
plicitly additive, dynamic form provides the best approxima- 


~ 8 The terms impact, interim, and total multiplier elastici- 
ties, as used here, are analogous to Goldberger’s original 
usage, but each is expressed as a unit-free elasticity. 
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tion to consumer behavior. Shortrun demand for food con- 
sumed at home and for purchased meals is highly inelastic, 
whereas shortrun demand for nonfood items is elastic. The 
longrun demand both for foods consumed at home and for 
purchased meals is determined to be inelastic, but less so 
than the shortrun demand. The demand for food consumed 
at home is also somewhat more inelastic than that for pur- 
chased meals, which confirms prior expectations. 


Prices for food consumed at home and for purchased meals 
have increased at similar rates over the last two decades, 
implying little relative price change. However, per capita 
consumer expenditures on all items increased about 13 per- 
cent per year over the same period. Thus, rising consumer 
incomes are the primary reason that consumption of pur- 
chased meals has increased relative to consumption of food 
at home. Consequently, the purchased meals share of the 
consumer’s budget has substantially increased relative to the 
share of consumers’ at-home food expenditures. 


These findings have important implications for the food- 
retailing industry as well as for the restaurant and fast-food 
trade. Rising consumer incomes and increased expenditures 
signal a continuation of the trend toward consumption of 
purchased meals relative to at-home food consumption. 


Recent efforts by retail food chains to offer on-premise. 
food services in grocery stores (for example, delicatessens, 
instore fast-food service, and small restaurants) suggest 
industry recognition of this fact. 


Other developments suggest an acceleration towards in- 
creased consumption of purchased meals. In particular, 


recent policy proposals to reduce minimum wages for individ- 


uals under 18 would benefit restaurants, cafeterias, and the 
fast-food trade more than it would benefit food retailers. 
Grocery chains rely more on higher wage, unionized labor, 
whereas most workers in restaurants, cafeterias, and fast- 
food establishments receive the minimum wage. Hence, new 
legislation would likely lower relative prices for purchased 
meals as reduced labor costs are passed through to con- 
sumers. This would have a longrun positive effect on the 
consumption of purchased meals. 
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Abstract 


Demand functions for rice in Colombia and Venezuela, estimated by means of ordinary least 
squares, were unsatisfactory because of problems with multicollinearity. An alternative approach, 
principal components regression, was tried. Results showed that principal components regression 
estimates were more consistent with theoretical expectations and were statistically more signifi- 
cant. The cost of these gains was that the coefficients were biased. However, the mean-square- 
error tests indicated that the reduction in variance outweighed the loss due to bias. 
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The problem of multicollinearity occurs frequently in time 
series analysis. A number of statistical tools have been pro- 
posed to mitigate multicollinearity, and researchers have 
studied their statistical properties. Principal components 
regression (PC-OLS) is one technique proposed for use when 
ordinary-least-squares (OLS) parameter estimates are affected 
by multicollinearity. But, the conceptual problems that arise 
from applying alternative forms of biased estimation to eco- 
nomic matters have not been widely discussed. 


In this article, I apply the principal components regression 
technique to time series rice demand equations for Colombia 
and Venezuela and enumerate the advantages and disadvan- 
tages associated with the technique. 


The Problem 


Important changes in rice production took place in Colombia 
and Venezuela after 1956. Rice yields in Colombia increased 
from a 1956-58 average of 1.8 tons per hectare to 4.1 tons 

per hectare for 1976-78, while the annual rate of growth in 
production was 9.1 percent. Rice yields in Venezuela in- 
creased only slightly less, from 1.3 tons per hectare to 3.2 tons 
per hectare for the 1956-78 period, but the increase and 
improvements in area planted allowed a 15.7-percent annual 
rate of growth in production for that period, the largest in 
Latin America (14). 


*The author is an agricultural economist with the Inter- 
national Economics Division, ERS. The helpful comments 
from David L. Peacock, Fausto Medina-Lopez, R. Carter 
Hill, Per Pinstrup-Andersen, and others are gratefully 
acknowledged. 
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The purpose of this exercise was to estimate the impact of 
the lower real retail prices of rice, the higher levels of in- 
come, and the changes in the prices of other closely related 
foods on the level of per capita rice demand in both coun- 
tries. 


Per capita consumption of rice in any given year, yj, is de- 
fined as apparent disappearance divided by population. 
Apparent disappearance is defined as production plus im- 
ports minus exports, minus changes in stocks. 


A doublelog OLS demand specification was selected for per 
capita rice consumption, y, in both countries.? Each equa- 
tion is of the form: 


y=XBtu (1) 


where the independent variables are the logs of the price of 
rice, the real retail prices of seven other basic foods—corn, 
wheat flour, potatoes, cassava, plantains, beef, and beans— 
and per capital real income. I assumed that rice consumption - 
is not related to the prices of other commodities not included 
in the model. 


OLS estimation of the models revealed the following charac- 
teristic symptoms of multicollinearity on the parameters of 
the model; the individual contributions to the R-square value 
added to less than half its value; most of the ¢-values were 
low; and some of the elasticities seemed unreasonable (like a 





? The period of analysis covers the years 1956-77 for 
Colombia and 1959-77 for Venezuela; they coincide with 
the introduction of modern rice varieties in both countries. 
Italicized characters are nx1 vectors, and X is a 7xn matrix, 
where n is the number of observations. 
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positive own-price elasticity and an extremely high income 
elasticity for rice in Colombia) (table 1). Examination of the 
simple correlations and of the eigenvalues confirmed the 
presence of multicollinearity (tables 2 and 3). 


Handling Multicollinearity 


Perfect multicollinearity exists when a subset of the vectors 
x; of the matrix of explanatory variables X are linearly 
dependent—that is, if there exist nonzero constants, aj, a9, 

. &, SO that: 2 a; x; = 0 (24). Perfect multicollinearity is a 
problem of existence; multicollinearity is a problem of 

degree (13). The practical problem faced by researchers is 
severe multicollinearity. Because it is a sample problem rather 
than a population problem, there are no definite tests. Several 
multicollinearity measures have been suggested (28); the most 
common are the variable correlation matrix and the parameter 
correlation matrix. Assessing the magnitude of the problem 
involves subjective judgment. A number of alternative ways 
for dealing with the associated problems of multicollinearity 
have been proposed (1/6). A brief description of some of them 
follows. 


e Augmentation of Data. This is frequently men- 
tioned as the best approach. This solution is not 
practical in our case, as it was not possible to obtain 
data for a longer period. 


Restricted Least Squares (deterministic or 
stochastic). This is useful when there is reliable 
prior information about some of the parameters 
involved in the multicollinearity problem. This was 
not the case in this study. 


Variable Deletion. This can ameliorate the 
degree of multicollinearity. However, the fact that 
certain of the explanatory variables in a given model 
appear highly correlated should not be regarded as 
grounds for changing the specification of the model 
(5, 9). In our case, dropping income from the de- 
mand equations would have only worsened the 
situation by introducing additional errors of specifi- 
cation. 


Transformation of Data. This is useful when 

the interpretation of the structural hypothesis is not 
affected by the transformation or is not important 
to the researcher. Examples of transformations are 
first differences, ratios of variables, and indexes. 


Ridge Regression. This was first proposed by 
Hoerl and Kennard. It produces biased estimates, 
and their expected bias is greatly increased when 
the parameters are of opposite signs (2). This is the 
case in both equations for the expected own-price 
elasticity and the income elasticity. 


Factor Regression Analysis. This is based on 
factor analysis techniques. Principal Components 
Regression (PC-OLS) belongs to this group. In addi- 
tion to mitigating the problem of multicollinearity, 
PC-OLS greatly reduces the influence of outliers 

in the data. Deleting one or more components to 
mitigate multicollinearity implies an obvious trade- 
off. Unless the true (and unknown) parameter vec- 
tor lies in the subspace chosen for examination, 

the resulting estimators will be biased. The trade- 
off is between biasedness and reduction in parameter 
variance. 


Single-equation linear models are typically estimated for one 
of two purposes: (1) to test some theoretical or structural 
hypothesis, and (2) to use an equation solely as a forecasting 
tool. In our example, the goal is to estimate the structural 
relationships between the dependent and the independent 
variables. With that purpose in mind, we selected PC-OLS 

to mitigate the problem of multicollinearity. 


Principal Components Regression 
Analysis (PC-OLS) 


Principal components are linear combinations of observed 
variables (the logarithms of the explanatory variables in this 
case). The components are orthogonal to each other. The 
first principal component represents the largest amount of 
variation in the data; the second represents the second 
largest; and so on (12). It is advisable to standardize the 
variables to avoid scale problems. The PC-OLS model of y 
on Z is: 


y=Zd+u 


Let Znxp be the matrix of principal components of X. Thus, 
Z = XC, where C is a pxp matrix composed of characteristic 
vectors of xx. 


From the traditional OLS model, y = XB + u, one can find 
the PC-OLS of y on Z; y = Zd + u, where d is a px! vector of 
coefficients; and u is the vector of random errors (3, 6, 7, 8, 
9, 11,15, 17, 18). 


PC-OLS represents a compromise between the criteria of 
unbiasedness and minimum variance. T. D. Wallace and asso- 
ciates (26) have proposed that comparisons between restricted 
and unrestricted estimators be based on mean square error 
(MSE). The MSE criterion provides one framework for con- 
sidering the problem of multicollinearity in a linear model 
(29). 


McCallum (18) has shown that one can obtain a biased coef- 
ficient with a lower mean square error by eliminating some 
of the components. Because the new biased PC-OLS estima- 





‘pezelep oie sjusUOdWIOD OMI, ¢ 
‘pajyelap st jUaUOdWIOD aug z 
‘SUIY}IBSO] [BINjeU UI Ppassaidxea aie Sal[qelueA [[V "PET SI [eAe] Ua.IEd-9G 32 

aN]BA-} [BOIZLAD “919817848 UOSTEM-UIGING SI MC ‘UOIssaiBay oY} JO 1011 PrBpUIg S! YAS ‘7 Y peyoess09 si 7 Y ‘sanyjea-} aie sasayjuared ul sIeqUINN | 





SL'T 9PST" 
elt LLgT 
bS'T L290 


€L’t 8€sg0'0 


(98'9) ($2) 
8s" 80° 


(09°) (OF) 
cg 02° 
(98°sh) (96'S) 
£6" ra 


(g8°9) (g¢'s) 
LV'% Pro 


(20°) 
80° 


(Or) 
SO" 


(66'-) 
vI'- 


(68'Z-) 
te°0- 


(96'Z-) 
gg’ - 
(L9°-) 
cr - 
(SO'T) 
OT’ 
(9P'Z) 
GZ'0 


(00°2) 
SO'l 


(€8°L) 
r0'T 

(Z*'Z1-) 
8r'0- 


(68°T-) 
61'0- 


(92'¢-) 
Lg'- 

(¢¢°-) 
9F'- 

(€2'¢) 
se" 


(L0°S) 
[¢'0 


(9¢°-) 
el 


(2g 
92° 
(60° 
68° 


(og 
ti 


(89°T) 
9g" 


(Z8" -) 
vL'- 


T) 
TZ 


(60°) 


(Z¢'8-) 
69° - 


(LO'T-) 
s9°- 


(es'Te-) 


69 - 


(6%'T) 
8e'0 


o6'T 
(¢¢") 
oT 
TILT 


(08'T-) 
68°IT- 


-S'10-Od 
S10 
S'10-Od 


sTO 


Bjanzaus, 


BIQUIO[OD 








6 8 


a a 


! 
“a 


9g 


Sq 


Yq 


&g 


og 


lg 


Og 











suvaq 
jo 
aug 








Jaeq 
jo 
alld 





inolj 
yeayM Jo 
alg 





surejueld 


jo 
alg 





BABSSBeO 


jo 
alg 





saojejod 
jo 
alg 





uloo 


jo 
alg 





aol 
aytyM 
jo 901g 


3da0 
-19}U] 








poyjeuw 
uolzeul 


“Sq 





Aayunog 





(BJANZIUIA PUB BIQWO[OD ‘puewap 3d11 az1YM BIIded Jad Jo UOT|BWITSa GICQ-Dg PUue SIO Zojajqnog—| ajqey, 





Table 2—Eigenvalues and cumulative fractions of variance 
explained by each component, Colombia and 
Venezuela 
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tor has lower variance, it may lie closer to B than the OLS 
estimator does (1). The process of deleting components 
makes PC-OLS estimates equivalent to linearly restricted 
OLS estimates (17). PC-OLS belongs to the set of Stein-type 
estimators, as it implies giving up an unbiased estimator in 
favor of a reduced MSE. Principal components restrictions 
are known to yield the maximum variance reduction of all 
sets of linear restrictions of equal size (7). 


Several tests have been developed to evaluate the bias- 
variance tradeoff when restricted versus unrestricted OLS 
estimators are compared. They can be classified into two 
groups of norms: structural and predictive (10). 


Theoretically, if one runs a regression equation using all p 
principal components it will yield the same transformed 
coefficients as the original regression. The difference can be 
attributed to the reduction in the roundoff problem because 
of the decrease of the near singularity in the design matrix. 


The transformed coefficients for the normalized data can be 
obtained from the formula: 


(3) 


where b; is the OLS estimate of B;, and C;; and dj are defined 
as above (18). The standard errors of the coefficients are: 


[s? ; Cij 1/2 
SE (b;) = 2 : 
n j E; 


Where: 


E; is the eigenvalue of the j,;, component; 
s is the standard error of the regression; 

n is the number of observations; and 

Ci; and b; are defined as above (18). 


When a subset of the components is selected, the appropriate 
Ci; and x; are deleted from the above sum. 


Deletion Criteria 


We considered two traditional methods in selecting a subset 
of the components which are used to form PC-OLS esti- 
mates: the Characteristic Root Criterion (CRC) and the 
t-value criterion (TVC) (10, 19). 


CRC deletes those principal components associated with the 
smallest characteristic roots of the correlation matrix of the 
independent variables (eigenvalues). Deletion based on small 
characteristic roots implies little loss in the variation of the 
independent variables. 


TVC allows the vector y of the dependent variables to play a 
role in the exclusion of the principal components. Compo- 
nents with insignificant t values will be dropped. This selec- 


Table 3—Correlation matrix of the independent variables, 1956-77' 
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tion leads to preliminary test principal components (PTPC) 
(7). Fomby and Hill conclude that “when components are 
deleted on the basis of statistical tests, the restricted least 
squares formulation of PC-OLS combined with the prelimi- 
nary test literature make it clear that any testing procedure 
may not produce parameter estimates superior in mean 
square error (MSE) relative to OLS” (7, p. 526). 


In the cases treated here, the components were not highly 
correlated with the individual independent variables. An 
economic interpretation of them was not feasible. Keeping 
most of the original sample variability in the estimation 
process was judged as being important. That implies dele- 
tion of those components with smaller eigenvalues. In addi- 
tion, the reduction in variance is inversely related to the 
eigenvalue. So, it was decided to follow the CRC. 


CRC offers an interesting set of possibilities in the bias- 
precision trade-off. Although the restrictions we consider 
are sample specific and have no economic interpretation, 
they may nonetheless yield useful information on the poorly 
planned experiment (secondary sources) which generated 
the data. Because those components with the smallest eigen- 
values are deleted, the marginal reduction in parameter vari- 
ance is maximized. This situation occurs because precision is 
directly related to the size of the eigenvalues associated 

with the deleted components (7). 


We imposed a threshold level (95 percent) on the maximum 
amount of variability of the original data to be kept; that is, 
after those components with the smallest eigenvalues were 
deleted, at least 95 percent of the original variability was 
retained. Suppose that m is the number of components that 
allow the 95-percent threshold level to be met. The next 
stage is to estimate a set of PC-OLS equations deleting com- 
ponents one by one, starting with the component with the 
smallest eigenvalue, until m components are deleted. From 
that set of equations, we chose the one with the highest cor- 
rected R-square. We then tested the resulting mixed estimates 
against the OLS estimate for generalized MSE superiority 
(GMSE) based on a noncentral F distribution (27) to ex- 
amine the appropriateness of the restrictions and the various 
trade-offs between estimator bias and variance reduction, 
from the structural viewpoint. 


Results of PC-OLS Estimation 


The 95-percent threshold level imposed for the CRC was 
met, with up to three and four components deleted in the 
Colombia and Venezuela equations, respectively (table 2). 
The corrected R-square was highest when two components 
were deleted from the Venezuela equation and when one 
component was deleted from the Colombia equation. 


When an appropriate structural test was used, both PC-OLS 
estimates were found to be superior in the generalized MSE 


sense (GMSE) to the OLS estimates. To test the hypothesis 
that a set of constrained estimators, d, is better than the 
unconstrained estimators, B, according to the GMSE crite- 
rion, we used the test and tables developed by Toro- 
Vizcarrondo and Wallace (25). The test is based on the non- 
central F distribution of the statistic: 


, . SSE (d)- SSE(B) 
SSE(B)/(n - k) 





(5) 


where SSE is the sum of squared errors and n ~ k are the 
degrees of freedom of the unrestricted equation. The corre- 
sponding values were 8.37 and 0.37 for Colombia and 
Venezuela, respectively, which failed to reject the hypothesis 
in both cases.” 


The effects of multicollinearity on the values of the param- 
eters and their variances were more notorious in the rice 
demand equation for Colombia, particularly on the own- 
price and income elasticities. The Venezuela PC-OLS equa- 
tion has a lower standard error of regression than the OLS 
equation; the gains in parameter precision were important 
(table 1). 


A comparison of the results of PC-OLS and OLS leads to im- 
portant conclusions about the structural nature of the equa- 
tions. The PC-OLS Colombia equation exhibits a negative own- 
price elasticity in contrast to the OLS equation. It also shows 
a substantially smaller income elasticity. Both elasticity esti- 
mates are theoretically more sound, and they are similar to 
results reported by others (4, 2] , 22). In addition, the two 
variables greatly reduce parameter variance. These changes 
are not surprising, as the correlation between them was the 
highest (-0.94) (table 3). Changes in parameter variance for 
the cross-price elasticities were relatively small, and there 
were no sign reversals. Three commodities appear as gross 
substitutes of rice (corn, cassava, and beans), whereas two are 
complements (potatoes and plantains) and two are indepen- 
dent (wheat and beef). 


The Venezuela equation exhibits a remarkable reduction in 
parameter variability for all the variables. This is important, 
as OLS results did not allow any inferences about the indi- 
vidual elasticities (except for the price of plantains) because 
of insignificant t-values. Where PC-OLS is used, seven of the 
nine elasticities are significant at the 90-percent level (as 
opposed to one of nine with OLS estimation). Corn, plan- 
tains, and beef are gross substitutes for rice, while cassava 
and wheat are gross complements, and potatoes and beans 
are independent (23). 





3 The critical value for the Colombia and the Venezuela 
equations at the 95-percent level are 8.84 and 5.99, respec- 
tively is In both cases, the value of a* is lower than the 
critical value, which indicates superiority of the restricted, 
over the unrestricted, estimators in the GMSE sense. 





There are some similarities in both PC-OLS equations. The 
own-price elasticity and the cross-price elasticity of corn 

are quite similar, and rice is inelastic with respect to income 
in both countries. However, all the other commodities differ 
in their relationships with rice in the two countries. This 
could be due to the fact that the importance of carbohydrate 
foods in the national diets of Colombia and Venezuela is 
quite different (23). 


It is not surprising to find some degree of complementarity 
among all these staples in the two countries. All are important 
in their respective diets; it is common to serve two, three, or 
even four staples at a single meal. 


In the predictive sense, the total MSE of prediction for the 
Venezuela PC-OLS equation was lower than that of the 
corresponding OLS equation; that was not the case for 
Colombia. In other words, both PC-OLS equations perform 
better when a test of structural form is supplied, but only 
the Venezuela PC-OLS equation does better when the pre- 
dictive power is tested. 


This procedure ensured that multicollinearity was reduced 
and that the cost (bias) was small and was outweighed by the 
gains (precision) in the structural sense as indicated by the 
GMSE criterion. An objective of the estimation process was 
to quantify the impact of each independent variable on the 
demand for rice. Therefore, restricting the amount of vari- 
ability deleted was desirable to increase our confidence in the 
estimated elasticities. Thus, other PC-OLS equations may be 
superior in the GMSE sense to the ones selected here, but 
these equations would have considerably larger biases. Of 
course, given the complexity of the trade-offs, the decision 
to select the best deletion criterion in a risk situation is 
highly subjective. 


Mittlehammer and Young conclude that “the researcher 
plagued by severe multicollinearity is unlikely to find 
comfort by mechanically appealing to a single estimator 
whose principal virtue is dominance over OLS in some 
sense”’ (20, p. 304). 


With most of the variability of the data included, the method 
used here results in more precise estimators which are struc- 
turally superior in the GMSE sense to the unbiased OLS esti- 
mates. This finding does not imply that the CRC criterion 
should be used mechanically to delete components. Each 
problem is unique, and choosing a solution depends on the 
researcher’s goals and preferences as well as on careful anal- 
ysis of the data and knowledge of the alternatives. 
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In Earlier Issues 


The opposition to big business practices is frequently not 
upon the grounds that they are anti-competitive—rather, 
that the competition is too intense, too aggressive, too ruth- 
less. Economists are revising their ideas about the nature of 
competition. Our agricultural marketing research has not 
given enough attention to the problem. What kind of com- 
petition do we have in meat packing? In the tobacco indus- 
try? In the grocery chain systems? Is this kind of competi- 
tion good for the farmers and the consumers? If not, what 
can and should be done about it? What are the extent and 
kinds of Government regulation that are needed? 


Frederick V. Waugh 
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Alternative Indicators of Farm Operators’ Earnings 


By Roger P. Strickland* 








Abstract 


Official U.S. Department of Agriculture (USDA) estimates of net farm income, measured in nomi- 
nal dollars, have fluctuated widely over the past few years. When measured in real dollars, net farm 
income has trended downward; in the aggregate, it approaches the levels of the thirties. Far fewer 
farm operators share in the aggregate; resource efficiency is far greater now than in the thirties; 
and agriculture’s financial management has become increasingly complex and sophisticated. There- 
fore, USDA measures of net farm income may not be reliable indicators of farm earnings. This 
article analyzes several alternative indicators of operator earnings. 


Keywords 


Net farm income, farmland appreciation, agricultural tax preferences 





The statistic most widely used as an indicator of the earnings 
of U.S. farm operators is the U.S. Department of Agricul- 
ture’s (USDA’s) estimate of net farm income. Some limita- 
tions of this statistical aggregation across a wide range of farm 
types, farm sizes, and commodities are generally acknowl- 
edged. Other deficiencies may not be so apparent. 


Chronic inflation in the U.S. economy has affected relative 
prices and has altered the priorities of farm operators. To 
operators, the value of the production of agricultural com- 
modities has decreased relative to other economic activities 
that are peripheral to production. 


One such activity is investment in farmland. In less infla- 
tionary times, decisions regarding the purchase of farmland 
were probably based principally on its value in production 
and on reducing uncertainty. Chronic inflation, in combina- 
tion with substantial liberalization of the terms under which 
land purchases could be financed, have changed the profit- 
ability and relative importance, to farm operators, of invest- 
ing in farmland (table 1). Prospective earnings from highly 
leveraged purchases of appreciating land were sufficiently 
attractive to warrant diversion of a farm operator’s atten- 
tion away from commodity production. 


Tax planning is a second economic activity peripheral to 
commodity production; its effects on the operator’s finances 
have increased under inflation. The progressive nature of the 
income tax is a major reason for this relationship. A contrib- 
uting factor is the tendency for the Congress to reduce the 





*The author is an agricultural economist with the Na- 
tional Economics Division, ERS. He wishes to thank Allen 
Smith and two anonymous reviewers who made suggestions 
which improved the analysis here. 


average rate of taxation by legislating various means of 
sheltering income through deductions and exclusions. 
Whereas lowering of marginal rates of taxation would auto- 
matically reduce taxes, increased sheltering of income puts 
the burden of implementation on the farm operator. 


Table 1—Operators’ net farm income, nominal and real, 
1930-81 
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1 Economic Report of the President Transmitted to the 
Congress, Feb. 1982, table B-3. 

2 Data through 1980 are from (15, tables 80-82). The 
1981 estimate is from (4. p. 9) 

3 Computed by dividing the first column by 100 to 
convert to a simple ratio and by dividing the results into the 
second column. 

4 Based on the 1974 Census of Agriculture definition of 
a farm, which is sales of $1,000 or more; this definition 
applies to 1977 and all subsequent years 
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An operator who gives no thought to income taxes except 
for completing the tax forms typically pays more taxes than 
one who allocates time to tax planning. Therefore, as with 
investing in farmland, tax planning is an economic activity 
separate and distinct from commodity production. 


A farm operator is a producer of agricultural commodities, 

a land investor, and a tax planner. Many decisions represent 
compromises to achieve a balance among two or more 
objectives—for example, purchasing land rather than renting, 
timing of purchases and sales, and formulating strategies for 
replacing equipment. 


To get an indication of the level and changes in an operator’s 
financial status, one can measure the costs and returns to 
each activity separately and then aggregate the net benefits 
or earnings across activities, or one can measure the aggregate 
costs and the aggregate benefits and then take the difference. 
This procedure is not an academic exercise because consis- 
tent determination of appropriate costs and benefits cannot 
be made prior to a decision regarding the economic activities 
that those results are to measure. 


Net Farm Income 


The USDA net farm income statistic is correlated to, but not 
entirely comparable to, what an operator reports to the 
Internal Revenue Service (IRS). The principal difference is in 
the treatment of depreciation. The IRS uses a cost basis and 
permits rapid depreciation unrelated to an asset’s useful life. 
USDA uses replacement value as the basis for depreciation, 
which yields a higher annual depreciation than the cost basis, 
and USDA relates that depreciation to the asset’s useful life, 
which yields a lower annual depreciation. 


USDA’s net farm income series deducts production expenses 
from gross farm income. Gross farm income is composed of 
the following: (1) receipts from sale of farm commodities, 
(2) value of inventory change, (3) direct Government pay- 
ments, (4) other farm income (custom work, recreational 
income, and so forth), and (5) value of home consumption. 


Total production expenses are composed of the following: 
(1) fertilizer, chemicals, and seeds; (2) fuel, repair, and opera- 
tions of machinery and equipment; (3) hired labor; (4) ma- 
chine hire; (5) depreciation; (6) interest, including real estate; 
(7) property taxes; (8) net rent to nonoperator landlords; 
and (9) purchase of farm commodities, such as feed and seed. 


Two possible reactions by agricultural producers to high 
marginal tax rates are to illegally conceal income or to le- 
gally shelter income from the IRS. Assuming the latter 
strategy, the potential impact on USDA’s net farm income 
estimates that result from tax planning should be evaluated; 
consideration should then be given to possible changes in 
the components in net farm income. Perhaps a farm income 
series after taxes should also be investigated. 


Agriculture’s Tax Preference 


Two readily available methods of effectively sheltering in- 
come are tax deductions for interest and depreciation. Farm 
real estate interest and taxes are particularly attractive as 
income tax shelters. In situations where a farmer has been 
able to finance a purchase with a long-term mortgage requir- 
ing only a small downpayment, most of the costs associated 
with landownership for the first 10 years are interest and 
taxes. The Government would contribute a share of the cost. 


Davenport, Boehlje, and Martin have analyzed some of the 
pressures placed on the structure of American agriculture 

by the effects of tax policies and note that in a tax-favored 
industry, such as agriculture with its use of cash accounting, 
the annual returns on investment consist of the commerical 
returns from the sales of commodities produced and the 
return from the management of tax assets and liabilities (1).’ 


The authors conclude that tax policy has exerted upward 
pressure on the price of farmland and that this fosters a 
substitution of capital for labor and causes farm operators to 
alter management practices in order to take advantage of tax 
preferences. They also contend that the tax system not only 
enhances the earnings of farm investors and operators, but 
that the benefits of the tax advantages are frequently more 
certain than the return from production. A greater degree 
of certainty, of course, translates directly into an enhanced 
value being placed on these benefits, relative to those having 
a higher degree of risk. 


Investing in farmland and legally avoiding payment of taxes 
is smart financial management. The problem is that the gains 
from appreciation of the land and the taxes avoided are not 
reflected in USDA’s net farm income estimates, but the cost 
of additional interest on the farm’s real estate mortage and 
additional property taxes are included. Hence, USDA’s esti- 
mates are biased toward a lower income than that perceived 
by farmers. 


The situation regarding the use of depreciation to reduce taxes 
is similar. By using additional first-year depreciation and 
accelerated depreciation procedures, farmers can write off a 
substantial portion of their purchases in the first year and 
most within the first 2 or 3 years. With the Government pay- 
ing perhaps half the costs through deductions and credits, 
management of equipment purchases becomes as much an 
element of financial planning and cash flow strategy as it is 
an element of agricultural production. 


The cost of trading up to larger equipment or to the newest 
technology or of buying ahead for expansion would show up 
in USDA’s farm income accounting on the expense side as 





' Italicized numbers in parentheses refer to items in the 
References at the end of this article. 





increased depreciation, interest charges, and property taxes. 
But, the benefits accruing to the tax management activity 
would not be directly reflected, even though they might be 
partially and indirectly reflected in subsequent years through 
higher productivity, lower capital expenditures, and future 
earnings on current taxes not paid. 


Tax management is a legitimate and profitable activity that 
generates definite financial gains from taxes not paid. Imple- 
mentation generates additional income and expenses. 
USDA’s net farm income series may include many of the 
additional expenses, but few of the benefits. The result is 

an underestimation of farm income. 


USDA could improve accuracy by redefining farm income. 
One alternative is to correct the weaknesses and omissions 
of the current series which reflect three related activities— 
commodity production, real estate investing, and tax plan- 
ning. Another alternative is to separate the income and ex- 
penses associated with two or .nore of the activities. The 
choice is a function not only of the types of information 
desired and the analysis to be performed but also of the 
costs of implementing each alternative, particularly the cost 
of obtaining data not currently available. 


Farmland Appreciation 


There are two alternatives for handling farm real estate. 

The ownership of real estate can be treated as an investment 
unrelated to production. Ownership is not a prerequisite for 
farming, nor is it a factor of production. Land is the factor of 
production, and the right to use it may be acquired by leas- 
ing. 


Treating real estate as an investment is consistent with the 
way the Department of Commerce handles residential dwell- 
ings in its Personal Consumption Expenditures component 
of its Gross National Product accounts, where ownership of 
dwellings is treated as a investment and a rental charge is 
included as an expenditure (17). This approach is also con- 
sistent with the recently announced changes for housing 
costs in the Consumer Price Index. 


A separation of the costs and returns attributable to real 
estate investment from USDA’s current farm income series 
requires two changes in the current procedure. One is the ad- 
dition of the two real estate ownership costs—interest and 
taxes—which are now deducted as production expenses. The 
second is to deduct, as a production expense, the opportu- 
nity cost of operator-owned real estate by use of an imputed 
rental value. 


A second alternative for handling farm real estate is to leave 


in the expense items and include an estimate of the benefits, 
positive or negative, accruing from change in value of farm 
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real estate.* A major difficulty in implementing this alterna- 
tive is allocating the change between operator and nonopera- 
tor landlords. USDA’s income series measures the earnings 
of farm operators; therefore, only the appreciation in value 
of farmland owned by operator landlords could be included. 
This allocation is not made in USDA estimates of change in 
the value of farm real estate. 


The tax-sheltering component of the benefits and costs 
related to depreciable equipment is less clear and even more 
difficult to isolate. It is not likely that farmers would pur- 
chase equipment simply because the Government would 
reimburse them for up to half the purchase price, but it 
would certainly increase the attractiveness of potential 
acquisitions. 


The effects of making tax management a key objective of 
farm management would be: (1) replacement of machinery 
sooner than operators would otherwise to gain reliability 
during critical operations, (2) an increase in mechanization, 
and (3) the purchase of excess capacity to allow for expan- 
sion. The tax-sheltering benefits could be viewed as a self- 
perpetuating source of funds for continuous expansion. 
With multiyear loans, the savings in the early years could 
exceed loan payments. 


Estimates for 1975-80 show the empirical significance of the 
possible underestimation of net farm income due to tax man- 
agement and appreciation. The actual underestimation de- 
pends on one’s assumptions regarding what definitional 
changes should be made to the current farm income series. 
What follows is intended as illustrative, rather than as defini- 
tive. Table 2 contains data for adjusting the published series, 
and table 3 presents the adjustments. 


Currently, USDA includes interest and taxes on farm real 
estate in farm production expenses. The aggregate value of 
all farm real estate for each of the 50 States and the United 
States as of February 1 is published annually. The Feb- 
ruary 1 to February 1 difference in real estate value can be 
used as a reasonable approximation of the change occurring 
during the calendar year.” 


Making a reasonably accurate apportionment between opera- 
tor and nonoperator landlords for the change in value of real 
estate is extremely important, given the large values involved 
relative to the size of the other factors. The ratio in table 2 used 
to make this allocation was taken from an extensive survey 
of U.S. landownership (6). Annual information on the occu- 
pation of recent land buyers agrees with this ratio (16, table 
21). 





2 Melichar has explained why capital gains are necessarily a 
significant portion of the total return to farm real estate (2, 
7, 8). 

3 Alternative conceptual approaches for valuing unrealized 
farm land capital gains as income have been proposed (4, 5, 
9, 10, 11), and the reader might want to consider them before 
using a simple difference in future analyses. 





Table 2—Earnings and expense items included or excluded 
from farm income under alternative definitions 
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Table 3—Operators’ realized net farm income, real estate 
investment income, and tax savings from 
depreciation activity, 1975-80' 
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investment activity? 
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estimate adjustment adjustment 
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| Interest on “‘real estate debt including operator 
dwellings” published in (15, table 61). 

2 Unpublished component of “‘business taxes” published 

>, table 2) 
A net rent imputed to farm real estate owned by 
operators as follows 
a) Deduct net-rent-paid-to-operator-landlords from the 
expense item net-rent-paid-to-all-landlords to get net rent 
paid to nonoperator landlords (15, table 2). 

(b) The ratio of percentage of operator-owned farmland 
(56.4) to percentage owned by nonoperator landlords (43.6) 
times the net rent to the latter group equals imputed rent to 

rmer group (15, table 1) 
+*Twenty-five percent of the depreciation reported in 
table 64) 

5 Change in the total value of farm real estate (16, table 6) 

ltiplied by the share of operator-owned farmland (56.4 
percent) (6) 

6 Real estate value reported on March 1 in 1975 and on 
February 1 for later years. The 1975 value was converted to 
a February 1 basis 


Tax Benefits of Depreciation 


To allocate depreciation expenses between tax planning and 
farm production, I considered 25 percent of the depreciation 
expense as income resulting from taxes avoided in response 
to tax shelter incentives. My rationale is as follows: Assume 
that equipment purchases permit a tax reduction of roughly 
half the purchase price. Large, commercial farmers purchase 
most of the equipment, particularly when measured in pur- 
chase value, and they concentrate their purchases in high 
income years. Assuming a marginal tax bracket of 50 per- 
cent, the combination of the depreciation and tax credits 

for purchases should permit farmers to avoid taxes equal to 
at least half their purchase price. For tax purposes, machin- 
ery and equipment are typically depreciated over a period 
that is no more than half, and often much less than half, 
their useful life. Accelerated depreciation procedures in com- 
bination with short writeoff periods allow savings to be con- 
centrated in the first half of the truncated writeoff period. 
On the premise that the tax savings are, at a minimum, cap- 
tured twice as fast as under a depreciation procedure approx- 
imating the actual rate of consumption, and assuming the 
50-percent tax rate, then 0.5 X 0.5 = 0.25 is the portion of 
the depreciation charge considered as income accruing to 
these tax-avoidance activities. 


Billion dollars 
Current dollars: 


1975 
1976 
1977 
1978 
1979 
1980 


Deflated dollars, 
1972=100: 


1975 
1976 
1977 
1978 
1979 
1980 








1 Estimates in columns 2 and 3 computed from column 1 
and data from table 2. I computed the deflated value by 
dividing the current-dollar estimates by the price index from 
table 1. 

2 Includes taxes and interest on real estate from produc- 
tion expenses and excludes rent to operator-owned real 
estate. 


Implications for Farm Income 


The extent of underestimation (if any) of farm income 
resulting from a downward bias in the procedure due to the 
effects of chronic inflation and the structure of the income 
tax code is likely to increase as the trend in the tax policies 
on depreciation moves towards expensing or fully depreciat- 
ing the asset in the year purchased. This trend will greatly 
increase the ability of operators to adjust in the short run 
and to smooth out the high-income years with large pur- 
chases of additional, depreciable equipment. As in the past 
decade, the full deductibility of interest and real estate 
taxes also allows farmers to flatten out the long-term rate 
of ascension in farm income. Whenever operators conclude 
that a sustainable increase in actual farm income has oc- 
curred, they can intensify their efforts to purchase land, 
bidding up the price of land and letting the Government 
make a significant portion of the payment through taxes 
foregone. At worst, farmers assume they will have to sell 
the land for a profit if their cash flow turns negative. 





A high marginal tax rate makes the purchase of additional 
land very attractive and likely accounts for much of the 
seemingly unrelenting pressure for farmland purchases as 
an investment. The progressive tax structure is regressive in 
its assistance to land purchasers. In the early years after pur- 
chase, when payments are almost all interest and taxes, the 
farmer in the 50-percent marginal tax bracket gets half the 
payment back, but the farmer in the 20-percent marginal 
tax bracket gets back only a fifth. A buyer with no taxable 
income gets no tax refund and, thus, no Government assist- 
ance. 


The Congress does reduce the effective average or de facto 
marginal tax rates fro:n time to time, but it does so indi- 
rectly by increasing deductions and credits to allow shelter- 
ing of reported income. The absolute level of the top mar- 
ginal tax rate is highly symbolic and politically sensitive (that 
is, the rich should pay their share) and is thus difficult to 
lower. The U.S. tax code has become more complex and 
indirect, but USDA’s definition of farm income has not 
changed accordingly. 


The proposed adjustments to the current definition of opera- 
tors’ net farm income do significantly raise the estimates 
(table 3). Both sets of adjusted estimates reflect the exclu- 


sion of costs resulting from investment in farm real estate. 
A rental charge for operator-owned land is included as a cost 
of production. 


Table 2 shows the change in real estate value. The apprecia- 
tion in value of real estate is not totally unrealized earnings 
prior to being sold; the owner may benefit or lose monetarily 
from the change in value without selling. The equity can be 
realized through borrowing. The change in current market 
value affects the borrowing power of the owner. Unmort- 
gaged equity may be treated as a form of savings for emer- 
gencies and retirement. There can be a direct tradeoff within 
an individual’s portfolio between equity in real estate and 
other assets—for example, stocks, bonds, certificates of de- 
posits, and cash. As the real estate changes in value, it may be 
offset by changes in other instruments in the portfolio. For 
example, after substantial appreciation in the value of real 
estate, other assets might be sold and future planned savings 
reduced or discontinued. Both actions, taken in response to 
increased real estate equity, provide additional money for 
consumption, savings, and investment that would not other- 
wise be available.‘ 


Conversely, real estate is usually considered a balance sheet 
item, and the desire for accounting consistency could dictate 
separating the costs and benefits of real estate investment 





4 John Rutledge, president of Claremont Economic 
Institute, presents a lucid discussion of the concept of port- 
folio balance and the resulting strategies in time of high 
rates of inflation in (J 2). 
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from production income. There are two reasons for not 
doing so. One is a relative lack of confidence in the result 
because adequate data are not available. The other is that 
commodity production as an income-producing activity has 
diminished in importance relative to real estate investing 

to the point that for many landowning operators, it may not 
be worth the added expense of separating the earnings from 
the two financial activities. 


One alternative for quantifying the current income effect is 
to make assumptions regarding the future sale date of the 
property, the applicable taxes, and the appropriate discount 
rate, and then to discount the after-tax change in value back 
to the current period. Another alternative is to attempt to 
derive the current income effect of the change in value as if 
realized through loans obtained by use of the change in value 
within the year as loan collateral. 


This latter effect would certainly be much less than the 
change in value estimated in table 2 for several reasons. First, 
lenders will not make loans equal to 100 percent of the 
appraised value. Second, changes in appraised value tend to 
lag or be more conservative than changes in market value as 
appraisers await evidence that these changes are not tem- 
porary. Third, the interest and any other costs of the loan 
have to be deducted. 


One can sense the importance of making adjustment for ap- 
preciation of real estate value by comparing the change in 
real estate value (table 2) with the reported USDA estimates 
of net farm income (table 3). 


The benefits accruing from taxes avoided when operators 
avail themselves of depreciation and tax credit incentives 

are small relative to changes in real estate value, but these 
benefits are likely to be a substantial percentage of net in- 
come from production of agricultural commodities. All the 
associated costs—additional depreciation, taxes, and interest; 
professional tax consultations; and labor hired to allow oper- 
ators to do tax planning—are already included in the current 
accounting for net farm income, but none of the benefits 
from taxes saved is included. It would be difficult to sepa- 
rate out the costs. Although allocation of benefits to that 
activity might be somewhat arbitrary, it deserves serious con- 
sideration. 


Conclusion 


The income tax codes have evolved over time by allowing 

the sheltering of income rather than by reducing the marginal 
tax rate. Appreciation in land values is highly correlated with 
the rate of inflation, and the value of earnings from apprecia- 
tion is enhanced considerably relative to earnings from pro- 
ducing commodities because appreciation is taxed at the 
capital gains rate (13). 





Thus, farming has become a highly integrated package of 
three activities: (1) production of agricultural commodities, 
(2) tax planning, and (3) real estate investment. To ade- 
quately derive the revenues and expenses associated with 
each activity, one needs a detailed knowledge of the inter- 
relationships to separate the farm establishments’ expenses 
and revenues by the accruing activity. Sufficient data are 
probably not available to support either an empirical deter- 
mination of the methodologies required for a separate series 
or an accurate estimate of the resulting income statistics. 
Commissioning a scholarly analysis of the methodologies 
and data requirements would require substantial additional 
resources; this is unlikely, given the current economic situa- 
tion. Nonetheless, improved measures of the three activities 
combined are economically feasible. 


Perhaps the more useful approach is to increase the use of 
alternative financial statistics which are either already avail- 
able or which can be determined from available statistics. 
Having several indicators in addition to net farm income may 
permit a more effective analysis. At any given time, multiple 
indicators may provide additional information, confirm or 
disprove a specific issue, and suggest other hypotheses. Two 
such indicators would be cash flow and farm income after 


taxes. 


Cash flow is important because it indicates the money a firm 


has available for paying expenses and debts and for making 


new investments. Cash flow includes depreciation allowances; 


thus, it reflects changes in the tax laws that allow the exclu- 
sion of income through depreciation. 


An estimate of farm income after taxes would incorporate 
the costs and benefits of tax planning. An after-tax income 
series would, of course, show a different level of income than 
the current before-tax series, but more important, it would 
show a different year-to-year change and a different trend 
over the last decade. The difference in trend could well lead 
to different conclusions about changes in the financial condi- 
tion of agricultural producers than would analyses based on 
current USDA series. 


A separate estimate of the changes in value of farm real es- 
tate might be computed and combined with the other indi- 
cators. As both the question of the appropriateness of 
including the change in the value of farm real estate and the 
choice of methodology for valuing that change would likely 
be extremely controversial, users could exclude the estimate 
or add it to another indicator as they saw fit. 


Doll and Widdows found that using the traditional valuation 
model, V = R/d, leads to the conclusion that funds invested 
in agriculture earn their opportunity cost only if real capital 
gains are added to annual asset earnings. They believe that 
this interpretation depends upon the acceptance of the 
equivalence of the real capital gains and the annual income 
flow (3). 
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Research Review 


Cross-Sectional Analysis of Wheat Import Demand 
among Middle-Income Developing Countries 


By Cathy L. Jabara* 








Agricultural economists have been much interested in mea- 
suring the export demand elasticity for U.S. agricultural 
products (2, 4, 7, 10). It is difficult to identify this param- 
eter precisely because of its sensitivity to the import demand 
elasticities of other countries—the parameters of which are 
often unreliable. In the case of wheat, a knowledge of the 
import demand elasticities for developing countries is espe- 
cially important because these countries represent over 60 
percent of the U.S. market for commercial wheat sales. The 
developing-country market share of wheat, however, is 
characterized by many importers, each holding a relatively 
small share of U.S. exports. Researchers often find it diffi- 
cult to obtain reliable time-series data from which they can 
estimate models of import demand for individual developing 
countries. 


In this article, I utilize pooled cross-sectional and time-series 
data to estimate a reduced-form import demand model for 
wheat for 19 middle-income developing countries for the 
1976-79 period. These 19 countries accounted for about 

40 percent of U.S. wheat exports in 1980. Elasticities esti- 
mated from this model are shortrun, and they represent 
averages for the countries in the sample. Provided there are 
no structural differences among countries, such estimates 
may be more reliable than those estimated for individual 
developing countries from time-series data because the 
number of time-series observations necessary for parameter 
estimation is reduced. By extracting information about the 
regression parameters from the between-country and be- 
tween time-period variation, the pooling procedure increases 
the amount of useful information that can be drawn from 
the available data. 


Model Specification 


Specification of import demand functions is discussed exten- 
sively by Leamer and Stern (8) and by Abbott (1). Follow- 
ing Abbott, Hall (5), and Gallagher and others (4), I estimated 
the reduced-form import demand equation as follows: 


WM;,=A+B, POP. + BoIMC,, + B,WST;,, 47 


B,P + B.WP.. + B,PRODW., + B,FAID;, +é. (1) 


4° mit 


fori=1 ...n countries and t = 1 ... 4 years. 





*The author is an agricultural economist with the Interna- 
tional Economics Division, ERS. She wishes to thank William 


Kost and Jerry Sharples for comments in preparing this manu- 


script. Carol Stillwagon provided statistical assistance. 
Italicized numbers in parentheses refer to items in the 
References at the end of this article. 


The variables used in the model are: 


WM; total concessional and commercial 
wheat imports by country i, 1,000 
metric tons; 


population in country i, millions of 
persons; 


real foreign exchange availability in 
country i, millions of 1975 U.S. dollars; 


carrying wheat stocks in country i, 1,000 
metric tons; 


consumer price of wheat in country i 
(resale price to mills or wheat-equivalent 
price of bread or wheat in flour), de- 
flated by the consumer price index in 
country i, in 1975 U.S. dollars per 
metric ton; 


world price of wheat in country i, deflated 

by the consumer price index in country i, 

1975 U.S. dollars per metric ton; 
PRODW; production of wheat in country i, 1,000 
metric tons; 


F AID; concessional wheat shipments to 
country i, 1,000 metric tons; and 


é = a random error term. 


Data are for 19 countries from 1976 to 1979.” 


All countries in the sample except Venezuela and El Salvador 
controlled the level of the consumer wheat price during the 
estimation period. I estimated equations using the internal 
price of wheat, P,,,, and the world price of wheat, WP, as an 
alternate measure to determine the extent to which world 
prices affect decisions by governments and private firms to 
import wheat despite internal price control. 


Empirical Results 


Pooling of time-series and cross-sectional data assumes that 
structural coefficients are the same across countries. How- 





: Equations were also estimated by use of per capita 
income as an alternative measure of import purchasing power 
and by use of nominal (undeflated) prices (see 6). 
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ever, there may be differences in the country-specific inter- 
cepts over time because of socioeconomic and culutral dif- 
ferences. For unpooled statistical procedures, these effects 
are normally captured in the error term or in the coefficients 
of the variables which are not country-specific. Uncorrected 
variation of the error term may cause both bias and ineffi- 
ciency in an ordinary-least-squares (OLS) estimation of the 
structural coefficients. 


To account for differences in intercepts, I estimated import 
demand equations using a variance components method in 
which the intercept terms are treated as random variables— 
one a time-series variable and the other a cross-sectional 
variable (9, pp. 326-29). This procedure extracts information 
on the regression parameters from the between-country and 
time-period variation in the data, in contrast to the ordinary- 
least-squares with dummy variables procedure (LSDV) which 
treats cross-sectional and time-series effects as fixed param- 
eters. I assumed that the mean effect of the random time- 
series and cross-sectional variables is included in the intercept 
terms and the random deviations about the mean are in- 
cluded as components of the error term. I used a weighted- 
least-squares estimation technique in which observations 
were weighted in inverse relationship to their variances. 
Provided the intercept terms vary randomly, the correspond- 
ing generalized-least-squares (GLS) estimates are more effi- 
cient than those estimated from OLS or LSDV procedures. 


Results indicated significant differences in response to eco- 
nomic variables among countries classified as wheat- 
producing and nonwheat-producing. Therefore, regression 
results for these two groups are shown separately. Nonwheat- 
producing countries are those in which wheat production 

is zero or minimal. Nine nonwheat-producing countries 
include Colombia, the Dominican Republic, Ecuador, El 
Salvador, Indonesia, the Republic of Korea, the Philippines, 
Taiwan, and Venezuela. Ten wheat-producing countries in- 
clude Algeria, Brazil, Chile, Egypt, Iraq, Mexico, Morocco, 
Peru, the Sudan, and Tunisia. A description of these coun- 
tries and the data used in the analysis can be found in (6). 


Results also indicated significant differences in the parameter 
estimates when the Republic of Korea and Egypt are ex- 
cluded from their respective samples.’ Table 1 presents equa- 
tions including and excluding these countries. These differ- 


31 conducted a series of preliminary F-tests using results 
from LSDV estimation to test for structural differences among 
countries within the two samples. This procedure tested 
whether the observations for each country came from the 
same population as the observations for the other countries 
in the sample (3). The addition of observations for the Re- 
public of Korea and Egypt significantly changed the param- 
eters of the estimated equations. These tests used the LSDV 
procedure because tests of equality of slope coefficients are 
rarely done using the variance-components framework, and 
the results are valid only if the samples are sufficiently large 

329). 


ences are largely attributable to the importance of food aid 
to these countries during the estimation period. 


The equations appear to fit the data well; most of the esti- 
mated parameters are significant at the 10-percent level or 
higher. Wheat imports of nonwheat-producing countries 
appear to respond to world price signals despite internal gov- 
ernment control, and estimated responses to world and 
internal wheat prices are not significantly different. The 
significance of the world price declines with the inclusion of 
the Republic of Korea, which suggests that the wheat price 
stabilization fund operated in that country permits a lag in 
response to world price levels compared with the other coun- 
tries. Wheat imports of wheat-producing countries do not 
appear to respond to world price signals. This implies that 
wheat import demand elasticities are close to zero for these 
countries, and it indicates a greater concern for importing 
target quantities of wheat regardless of price. 


Elasticities 


Elasticities shown in table 2 indicate that the response of 
wheat imports by middle-income developing countries to 
world price, foreign exchange, and quantity changes is 

quite low. Calculated price elasticities are shortrun; that is, 
they represent the response to world wheat price changes at 
fixed production. The finding that wheat imports by 
nonwheat-producing countries respond to world price signals 
is in contrast to the results of Abbott (1) who found, using 
time-series data from 1951 to 1973, only three developing 
countries—Egypt, Mexico, and Thailand—responsive to world 
wheat price movements. 


Low response to world price movements by middle-income 
developing countries suggests that the shortrun export 
demand elasticity for U.S. wheat is also quite low. Bredhal, 
Meyers, and Collins (2) estimated the foreign demand elas- 
ticity for U.S. wheat was between 0 and - 1.67, depending 
on the assumptions made about the degree of price insulation 
among developing countries. Gallagher and others (4) esti- 
mated the export demand elasticity for U.S. wheat to be 
-0.41. They assumed that foreign demand elasticities for 
wheat in Western Europe, in Japan, and in the Soviet Union 
and other centrally planned countries are zero, so that their 
domestic elasticity depended on the aggregate import demand 
elasticity estimated for the developing countries (- 0.71). 


These results indicate that developing countries which import 
about 20 percent of U.S. wheat respond to world price sig- 
nals, but the response is low—about -0.2. Wheat-producing 
countries, which also import about 20 percent of U.S. wheat, 
do not appear to respond to world price movements. Final 
determination of the elasticity of export demand for U.S. 
wheat depends on the estimated response of other developing 
countries which accounts for the remaining 20 percent of 
U.S. sales. 





‘ydasq pue ajdures A1jUNOd-aUIN 9 
‘BISIUn], pue ‘UBpNg oy} ‘nieg ‘OdD010/] ‘ODI xap “beay ‘ajiyo ‘[Izeag ‘euesTy > 
‘BalOy JO a11GQndayY ay} pue ajdures ArjUNOdD-jY4SIq , 
‘Bjanzeua,A pue ‘uemiey, ‘sauiddiiyug ay} ‘elsauopuy] ‘10peayes [q ‘JOpenog ‘oqndoey uesiulMog ay} ‘eIquUIOjOD ¢ 
‘a[qeliea JUapuadap ay} jo uveU ayy Aq PaeplAIp YASWY S! ASWHd Pue ‘joie sienbs ueaw jOOI sajouep YSWYH z 
‘aoud yeayM P[IOM | 

‘ayqeordde jou ayeorpul syuelg 





(s6°s)  (9%°g-) (¢9° -) (PI T-) (Lg'8) (gg'e)  (¢g9°T) ‘ 
88°20 997% €08F'- 9F0'I- LSEP' - OTLO’ P66 Tg"eS9 g2iduies Asjunod-uay, 


(80°) (08'F-) (68° -) (L6°T (LTP) (gh) (88°T) ; 
98° PST 2660" LOLS’ - eLe't- 86£9'- 1790" 88's 1628 ,oldwes A1juUN0d-auIN 


:SalzquNod Sulonpoid-jyeayM 


(go's) (L8°T) (00°Z-) (1¢°Z (26°) [° (g¢'a) 
PLO9 P8I's £686 - €686'- L¥E0° , ELLE aod pjiom [vay 


(to's) (6L°T) (8h'Z (19°2) ’ (OZ) 
788s" LP6'S 8676 - L0g0° ‘ 9°Z6E adlid [eUusazUl [Vay 


polduies AijUNODd-auIN 


(eV (99° -) (€1'3-) (ST'Z-) (TL'8) j (9L°3) 
[698 £680" 000 T- Eel o- 8LI9 - 8ZE0 ; 8°E8S aold pjiom [vay 


(Z¢°) (99° -) (¢0°Z-) (L0°Z-) (eP's) 
VILE S60T'0 STO'T- I68S'0- LIZ9'0- 96Z20'0 ‘¢ ‘L8Z aolad [eusezul [Ray 


e2lduies Axjzunos-7y4sIq 


salajzunood Zuronpoid-jyeayMUuoN 





caswud | -ASWu | diva | maoud | dM | “a | TSM | OWI | dOd | 


(SOIZBI-} YIM) SJUDIDIJJaOO UOISSeIZ0yY 





So[qelIeA puke sajdureg 








Sd}BUII}S9 SJUIUOdWOD adUBLIVA ‘sUOTZENba puRUlap JAOdUIT FRAY M—T IQ, 





Table 2—Wheat import demand elasticities computed at 
means, middle-income developing countries 





Variables Country equations 





Nonwheat-producers 
(with Republic of 
Korea) 


Wheat-producers 
(with Egypt) 


0.38* (0.29)* 0.84* (0.60)* 
378 (.34)* 32" 125 
-1 (-.14 -115 
-.18* (-.18)* -(11 
-.02 (.07)* -.57* 
01 (.06)* 01 








*Significant at the 10-percent level or greater. 


Conclusions 


Pooling may not greatly advance import demand estimation; 
however, it may be particularly helpful and cost-efficient 
when there is little information about a group of small 
importers, such as the developing countries. More important, 
reliable time-series data often do not exist for developing 
countries so that parameter estimates from pooled data may 
be more reliable than estimates from single-country estima- 
tion, provided structural differences do not exist among 
countries. 


It is not strictly valid to aggregate developing countries in 
modeling research. Wheat import demand behavior among 
middle-income countries differs by the internal policies of 
governments and by the importance of wheat in the econ- 
omy. The finding of differences in price-response behavior 
between nonwheat-producing and wheat-producing countries 
should be tested further with analysis of wheat import de- 
mand in low-income countries. 
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In Earlier Issues 


The services of many workers are required to get products 
from farmers to consumers in the form, time, and place 
desired. . .. During the last quarter of a century workers in 
food marketing firms increased about 50 percent whereas 
workers on farms decreased about a third. . . . The increase in 
physical output marketed per man-hour was equivalent to an 
annual average increase of around 2 percent. 


Kenneth E. Ogren and Kathryn Parr 
Vol. 7, No. 2, April 1955, pp. 42, 46-47 








Some Lessons from Wingspread: 
A Report on the National Rural Symposium 


By J. Norman Reid* 








Rural governments are at a critical juncture. Many are faced 
with large population inflows that differ from any in their 
experience. At the same time, the Federal, State, and local 
government system may well be on the verge of a significant 
restructuring. These changes pose important challenges for 
local governments in meeting their responsibilities; they also 
present new opportunities for rural communities to shape 
their futures. Prospects of success for rural communities will 
depend on the performance of their local governments. 


These were the dominant themes of the National Rural 
Symposium, which was organized around the topic, “Rural 
Governments in a Time of Change: Challenges and Opportu- 
nities.” Held March 29-31, 1982, at the Wingspread Confer- 
ence Center, Racine, Wis., the symposium brought local 
government officials together with State, Federal, and uni- 
versity representatives to consider major social and political 
changes and their implications for the future of rural 
America. The symposium was jointly sponsored by the U.S. 
Department of Agriculture (USDA) and the Rural Govern- 
ments Coalition, whose members include national organiza- 
tions representing the Nation’s counties, towns and town- 
ships, development districts, and regional councils. The ses- 
sion was organized around four papers that outlined the 
governmental and demographic changes affecting rural com- 
munities and their governments and that considered implica- 
tions for local service delivery and resource availability.’ 


The sweeping changes now confronting the Nation’s govern- 
mental system affect all levels. Participants were not able 

to predict the full effects of the New Federalism on rural 
governments, but they were clear about several points. 


They voiced little concern about the loss of Federal dollars, 
even though the recent cuts climax a decade of increased 
rural access to these funds and follow several years of decline 
in real revenue levels. Much greater attention centered on 
federally mandated service standards—especially related to 
drinking water and wastewater treatment—which continue 
to be a sore point with many localities. Concern also focused 





*The author is a social science analyst with the Economic 
Development Division, ERS. 
1 The papers were “Rural Governments in the Eighties: 


Adapting to Change,” by William E. Bivens, III; ‘‘Demograph- 


ic Changes in Rural America: Shaping Rural Governments,”’ 
by Peter A. Morrison and Kevin F. McCarthy; ‘“‘Government 
Service Delivery: Meeting Community Needs,”’ by Robert 
Paciocco; and ‘‘Resources for Rural Governments: Fmding 
and Using Community Assets,’’ by Alvin D. Sokolow. Copies 
of the papers may be obtained from the author at USDA/ 
ERS/EDD, Room 494-GHI, 500 12th Street, S.W., Washing- 
ton, D.C. 20250. A final report and proceedings are planned. 


on emerging State government roles and whether local 
governments—still heavily regulated by States—will get added 
discretion to match their new responsibilities. 


The symposium focused on the “rural renaissance” of new 
population growth and economic activity—without precedent 
in this century—that much of rural America is experiencing. 
For newly growing places that had become accustomed to 

a slow but steady loss of residents, this turnaround presents 
the challenge of planning and financing new, needed services 
and coping with disruptions to their social structure. Still, 
many rural places continue to lose residents and, for these, 
the challenge is finding acceptable ways to cut some services 
while enhancing others. 


Participants addressed several issues related to service deliv- 
ery: the costs and effects of providing local services, rela- 
tionships among governments and with the private sector, 
and local institutional capacity. In addition, they considered 
three areas related to governmental resources: human, organi- 
zational, and financial. From these a number of rural devel- 
opment research and information needs emerged. Some of 
the leading issues are considered below. 


Among the most widely cited needs were training and infor- 
mation for local policymakers and for the rural public at 
large. Citizen-officials predominate in small governments, and 
lack of prior government service is common. This situation 
creates special training needs for rural governments that 
differ from the needs of large governments. In addition to 
training in technical skills, these officials often need general 
orientation to the job of governing. But, even more impor- 
tant than more training may be finding ways for officials to 
take advantage of it. And, how the training is delivered can 
be as significant as its content. 


Researchers have an important role in addressing these needs. 
Social and psychological factors have important effects on 
whether training programs reach their target audiences and, 
when they do, on whether they are effective. Understanding 
these factors and finding ways to address them can help 
improve the effectiveness of training programs. 


The most apparent needs are for training in specific skills, 
such as financial management or capital budgeting, and for 
information that can be applied to particular problems— 
revenue forecasting, for instance. Less recognized, and per- 
haps more needed, is guidance about issues like the productiv- 
ity of alternate revenue sources and their probable effects on 
equity or economic growth. But, in these and other areas, 
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new directed research may be required to fill specific knowl- 
edge gaps. In all areas, basic knowledge needs to be converted 
into forms that can be shared with community officials and 
the public. 


Meeting these information needs will require close collabora- 
tion between res_archers and extension personnel and better 
communication ~yith local officials themselves. Innovative- 
ness will be called for in structuring and achieving optimal 
relationships. But, it is clear from Wingspread that separate 
research and extension efforts will not be enough. 


lhe continued deterioration of rural public infrastructure 
was another point of concern. Numerous instances were cited 
of decaying roads, bridges, and other capital facilities. Al- 
though they were agreed about the existence of a problem, 
delegates were less certain about the causes. Some cited the 
difficulty of obtaining adequate and affordable capital fi- 
nancing as a barrier to meeting community needs. Others 
cited regulatory problems, particularly with water and sewer 
systems, where Federal or State requirements forced shifts 
to costly or inappropriate new technologies. Capital budget- 
ing practices appear spotty and often ineffective, and local 
officials lack needed information about when improvements 
or replacements should be undertaken. The absence of 
comprehensive information at State or national levels inhibits 
the formation of policies that could address these issues. 


lhe new constraints on public finances prompted partici- 
pants to rethink local institutional arrangements for service 
delivery. Major alternatives that may offer cost savings are 
cooperation with neighboring governments, regionalized 
service delivery, contracting with public- or private-sector 
agencies, and turning over service delivery or public facilities 
to the private sector. Participants questioned whether these 
arrangements always make the economic sense sometimes 
claimed for them and wondered where the proper bounds 
of public responsibility in providing services lie. 


Many more questions were raised than could be answered 
from existing research. Cooperative agreements may gener- 
ate cost savings, but delegates were uncertain whether they 
would provide enough incentive for local governments to 
enter them. Research could usefully clarify the benefit- 

cost threshold at which agreements will be formed and 
could explore noneconomic incentives and disincentives, 

such as political ones, that affect the use of economically 
desirable service delivery arrangements. Supporters claim 
many benefits for private service delivery, but whether these 


outweigh losses in service quality and other costs is an empir- 
ical question. 


The great variability among rural communities was a recur- 
ring and, in many ways, the fundamental theme of the 
symposium. Despite the overall trend of renewed growth in 
nonmetropolitan areas, broad statements can be very mis- 
leading when applied to individual settings. Many rural com- 
munities are in fact not growing. Even where growth has 
occurred, it is due to a variety of causes, each of which has 
quite different implications for local service delivery prob- 
lems. Much has been written about the new population 
trends, but it awaits analysis of the 1980 Census of Popula- 
tion to learn how the trends are shared among individual 
communities. 


The implications of these differences for rural policy are not 
well understood. Careful research into the importance of 
demographic features, as well as geography, governmental 
form, and public attitudes, could help better inform policy. 
In the present climate of change in rural areas, special atten- 
tion is merited concerning the way these changes are likely 
to affect public finances and community structure. 


Participants also agreed on the importance of educating 
Federal and State policymakers about differences among 
rural areas and between rural and urban settings. Despite the 
unique circumstances that define rural communities, partici- 
pants viewed many rural policies as little more than warmed- 
over urban solutions that suffer from inappropriateness at 
best. Rural policies that rest on common national assump- 
tions face the same risk of unintended and damaging effects. 
The research community can help by clarifying and com- 
municating the important differences. 


Attendees agreed that these rural knowledge needs could be 
better met by developing “‘ruralists” as counterparts to the 
“urbanists” who have become so influential in shaping public 
policies in recent years. At a minimum, delegates felt that 
increasing the status and visibility of rural studies might help 
attract and retain the most capable researchers in this field. 


Delegates agreed, too, on the value of continuing the kind of 
discussions among levels of government and with universities 
that was begun at Wingspread. Followup activities to extend 
the process are planned. The spirit of cooperation in which 
delegates came together in Racine symbolizes the newly 
recognized interdependence among governments and augurs 
well for the emerging process of communication. 





Growth in U.S. Agricultural Capacity and Utilization: 
We Need to Know More about It 


By Clark Edwards* 








World population is growing, and it is not certain whether 
world food supplies will grow in balance with population. 
Disparate private and public actions in the United States 
and elsewhere today, in situations seemingly unrelated to 
the world food situation a decade or two hence, can have 
major consequences for the well-being of what will soon be 
6 billion people living on this planet. Some perceptions of 
the future reflect an optimistic view of continued food sur- 
plus. Others reflect a pessimistic view of Malthusian scarcity. 
In between are several studies which suggest that longrun 
prospects for balanced growth of people and food supplies 
are quite good. However, world balance does not necessarily 
imply balance by region and commodity. Regional imbal- 
ances accelerate world trade. And, longrun world balance 
does not preclude shortrun instability. Annual fluctuations 
in supplies and demands can have major impacts on prices, 
farmers’ incomes, and prospects for efficient and equitable 
adjustments to meet longrun needs. 


A broad range of factors affect the longrun prospects for 
the efficiency and equity with which US. agriculture will 
respond to a steadily rising world population, increasing but 
fluctuating world food supplies, and increasing levels of 
world agricultural trade. The equity of the distribution of 
food and fiber among low-income people both in the United 
States and in less developed countries is also at issue. 


The Economic Research Service (ERS) is expanding its focus 
on the factors affecting these problems and is reexamining 
the data base used to describe the food problem and studying 
the theoretical framework used to explain it. The perspective 
is on social welfare resulting from adjustments in U.S. agri- 
culture rather than on private profits to those making the ad- 
justments. 


The balance of this article explores the scope and complexity 
of the world food problem from the point of view of the 
response of U.S. agriculture. In so doing, it indicates why the 
problem admits of no easy solution. And, it serves as a guide 
for expanding research on the problem. 


The market for U.S. farm products is partly domestic and 
partly foreign. The foreign component is the net between 
total foreign demand and foreign supply. Of the three com- 
ponents that describe the size of the U.S. market—domestic 
demand, foreign demand, and foreign supply—it is foreign 
supply that is most volatile and least predictable. The size 
of the market for U.S. farm products is also affected by 





*The author is an economist with the Economic Develop- 
ment Division, ERS. 


supplies of food from nonfarm sources, such as the ocean. 
The longrun problem is usually cast in terms of pressures of 
world population against food supplies. But, shortrun fluctua 
tions in the market for U.S. farm products are more a world 
supply than a world demand phenomenon. U.S. agriculture 
will likely continue to provide an increasing proportion of 
the food that enters world trade. The trend and variability of 
net food demands to the United States need to be viewed by 
country and by commodity because such imbalances acceler- 
ate world trade and contribute to instability, even when the 
world aggregates are in balance. Domestic and world price, 
income, and population elasticities of demand need to be 
reviewed for their implications for price levels, relative prices, 
commodity mix, and the U.S. balance of payments. 


Productivity of U.S. agriculture is high and rising. Produc- 
tivity is concerned with the quality of food as well as the 
quantity ; quantitative advances are not necessarily accom- 
panied by qualitative progress. Whether productivity con- 
tinues to rise sufficiently to meet prospective net world food 
needs will depend on a number of factors. Continued invest- 
ment in science and research and continued extension of 
information and assistance are vital to continued growth in 
U.S. agriculture. Changes in the parity ratio reflect farm and 
nonfarm economic forces that affect incentives to produce 
and that influence the level of farm output. The balance 
sheet of agriculture and the farm income siatement depict 
not only factors which describe the technical production 
function of U.S. agriculture but also factors which are eco- 
nomic incentives for farmers to produce. Other incentives, 
such as the quality of life on farms, also affect production. 
Relative prices of products and inputs affect resource alloca- 
tion and enterprise combinations. Adjustments to relative 
price changes affect productivity through increased economic 
efficiency rather than technical efficiency. Changes in the 
structure of agriculture—such as size of farm, degree of 
specialization, and legal form of organization—affect pro- 
ductivity. The trend toward using more and more nonfarm 
inputs and toward adding more nonfarm value to outputs 
requires an assessment of changes in agribusiness. An infra- 
structure not controlled by farmers is important in agricul- 
tural productivity. This infrastructure includes the various 
levels of government and their nonfarm as well as farm pro- 
grams, the market structure (including cooperative marketing 
arrangements), schools, experiment stations, extension ser- 
vices, farm organizations, hospitals, and various community 
facilities. Air pollution—automobile exhaust, for example— 
affects crops yields and reduces farm output. The infra- 
structure also includes the general health of the nonfarm 
economy. 
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The availability and utilization of resources are key determi- 
nants of farm output. If you want to make U.S. agriculture 
grow, one way is to provide it with more land, labor, capital, 
and management. Markets for farm resources have unique 
features based on characteristics and location of the resource 
supplies and on the derived demands that reflect imperfect 
resource substitution in the production process. Some re- 
sources are not renewable and change character irreversibly 
under certain kinds of use. The threat of resource degrada- 
tion arouses concern for conservation of natural resources 
and for environmental quality. Some resources used by 
farmers supersede into what society appears to value as 
higher uses, while others are moved into agriculture from 
lower uses. The intensity of land use affects the operation 
of these markets. Many resources are seldom on the market 
and are committed to fixed uses by farms, or even by enter- 
prises. Resource fixity affects the responsiveness of agricul- 
ture to changing food needs. Rising net worth, increased 
flows of funds, capital accumulation, and creditworthiness 
affect farmers’ decisions to invest in added resources. The 
supply response of agriculture is affected by rising capital- 
to-land ratios, increasing value of human capital, increased 
use of nonfarm inputs, rising real energy costs, and limits 

to the availability of natural resources. Past trends have 
resulted in relatively stable agricultural land requirements, 
increasing capital requirements, and decreasing labor require- 
ments. Our ability to increase food supplies depends on the 
extent to which the land, labor, and capital available to agri- 
culture are used to capacity and also on the prospect for 
change in the trends of availability of resources to farmers. 
For example, land now in U.S. farms is used far less inten- 
sively than it might be, and far nore land is suitable as crop 
and pasture land than is now be ing used by farmers. 


A number of institutions enhance or limit the efficiency and 
equity associated with U.S. agriculture. Farm product mar- 
kets are often said to be examples of nearly perfect competi- 
tion. That may be so, but monopolistic elements are com- 
mon in the agricultural processing and distribution sector and 
in many of the input markets. The land market, for example, 
is treated by location economists as a perfectly discriminat- 
ing monopoly. Cooperative marketing and vertical integra- 
tion have modified some farm product and factor markets. 
Market institutions, including the interference in the markets 
by governments for purposes of domestic or foreign policy, 
affect the supply response of U.S. agriculture. The tax struc- 


ture affects farm income distribution and incentives. Regula- 
tions and various legal constraints override free market 
forces. Legal constraints include legal form of farm organi- 
zation, ownership of resources, tenancy contracts, private 
property rights, and access to public lands. Financial institu- 
tions, credit availability, and interest rates affect farmers’ 
decisions to invest. Inflation and concomitant changes in 
institutional arrangements, relative prices, and levels of 
uncertainty affect farm production incentives. Perceptions 
of farming as a way of life in a decentralized economy affect 
the decisions of many families to enter or remain in farming. 
Institutional arrangements are important in determining the 
capacity of U.S. agriculture to remain efficient and equitable 
as it is confronted with increasingly volatile world markets. 
Fluctuations in final product markets lead to variation in 
farm prices, carryover stocks, land values, and enterprise 
combinations. Various institutions need to be in place to 
protect farmers and to help them absorb fluctuations. 


The geographic location of farms relative to resource supplies 
and product markets affects the supply response of U.S. agri- 
culture. Certain types of farms need to be located on certain 
types of soil and to have immediate access to extensive sup- 
plies of water. The location of farms relative to resource sup- 
plies or to product markets affects the type of farming in a 
region and its profitability. Efficient access to transportation 
and communication facilities leads to increases in the supply 
of farm products. Commercial farms have vital economic 
links to cities though forward (product market) and backward 
(purchased input market) linkages. The linkages tend to be 
most effective for farmers located within the matrix of an 
urban center. Links to the nearby rural economy are strongest 
through competition for local resources, particularly land 
and labor. Links to foreign markets are through national 
institutions associated with imports, exports, and the balance 
of payments. World geography influences whether or not 
world balance of aggregate population and food supply is 
accompanied by regional, inefficient, and inequitable imbal- 
ances. 


The prospects for growth in the capacity and utilization of 
U.S. agriculture to meet increasing and fluctuating net world 
demands for food in coming decades depends on private and 
public actions taken during the eighties with respect to mar- 
kets, productivity, resource availability, institutional arrange- 
ments, and geographic relationships. 





Mexico’s Agricultural Dilemma 


P. Lamartine Yates. Tucson: University of Arizona Press, 1981, 


291 pp., $19.95 (cloth), $8.95 (paper). 


Reviewed by D. H. Roberts* 








In 1975, as Dr. Yates was writing his extensive two-volume 
profile of the Mexican agricultural sector, El Campo 
Mexicano (The Mexican Countryside), Mexico exported 

$1.1 billion of agricultural commodities while importing 
$911 million of farm products, the most positive agricultural 
trade balance that the country had enjoyed since anyone had 
started compiling statistics. By 1980, Mexico’s import bill 
had tripled, but the value of agricultural exports grew only 
slightly to approximately $1.5 billion. In this 5-year interval, 
the number of seminars, hearings, and consortiums which 
attempted to explain why Mexico had suddenly emerged as 
the United States’ second largest customer for agricultural 
commodities grew in direct proportion to Mexico’s import 
bill. Many studies focused on the implications of this devel- 
opment for U.S. purchases of Mexican oil (the “food for 
crude” issue); others either noted the impact on migration 
or damned the transnational corporations. Most studies failed 
to address the central question, “Why can Mexico no longer 
produce enough food for her people?” 


Yates traces the evolution of Mexico’s current agricultural 
crisis over the past 15 years and, along the way, provides one 
of the most comprehensive, unbiased analyses in print on 
either side of the border. Yates’ position as an advisor on 
economic and social matters to both the Government and the 
National Bank of Mexico over the past 8 years gave him access 
to data available only in internal documents and out-of-print 
sources. Professionals charged with analyzing Mexico’s agri- 
cultural sector who have struggled with conflicting data pub- 
lished by various official sources or who have encountered 
nonsensical numbers in livestock or land use series will appre- 
ciate the author’s invaluable guidance in deciphering Mexican 
data. For this reason alone, Yates’ book qualifies as an 
indispensable reference. But, Mexico’s Agricultural Dilemma 
is more. Yates examines agricultural prices, credit expansion, 
extension services and land tenure—among several other 
topics—with policy reorientation in mind. He asks what sort 
of agriculture will be appropriate for Mexico when there are 
nearly 100 million Mexicans, all more prosperous and de- 
manding than the 68 million of 1980, and he proceeds to 
suggest measures that will be needed to satisfy the social and 
economic aspirations of Mexican society during the eighties 
and beyond. 


The book’s thoroughness, a strength from the viewpoint of 
academic scholarship, is a weakness as regards readability. 
Yates writes in a simple, declarative style, but only devotees 


*The reviewer is an agricultural economist with the Inter- 
national Economics Division, ERS. 


of the study of Mexican agriculture will find the author’s 
detailed comparisons of data sources and explanations of 
derived data interesting. For those students of the economic 
development of Latin America or of the energy-rich nations, 
a reading of the first and last chapters would probably suffice. 
Indeed, Yates does not pretend to have written this book as 

a guide or text with implications for all, emphasizing as he 
has Mexico’s agricultural idiosyncrasies. 


Yates begins with Mexico’s “golden years” during which its 
agricultural sector by any standards was a success. Annual 
production from 1940 to 1965 rose at the astonishing rate of 
5.7 percent, far faster than in any other Latin American 
country. During this period employment increased, incomes 
rose, and the nation began to march the first few miles along 
the road toward generalized human welfare. As Yates points 
out, Mexico was one of the few developing countries in 
which the agricultural sector was sufficiently virile and 
dynamic to underpin advances in the social and economic 
well-being of the population as a whole. Beginning in 1965, 
a number of physical, technical, social, and economic factors 
began to converge that slowed growth in the sector “from a 
glorious gallop into a temperate trot.” The single greatest 
brake on growth in Mexico’s agricultural economy was the 
slowdown in the expansion of harvested area, the result of 
the growing costs of bringing increasingly marginal land into 
production. 


At the same time that growth in bhe production of farm com- 
modities began to slow, demand for these products started to 
accelerate, stimulated at first by a population of 45 million 
growing by more than 3 percent a year and later by a society 
made more prosperous by its oil reserves. Thus, by the end 
of the seventies, the country had drifted into the position of 
becoming an importer of basic foodstuffs. It had long been 
assumed that Mexico had sufficient resources to feed itself, 
while contributing substantial amounts of exports for its 
import-substitution development plan. Mexican policymakers 
also believed that technical progress would assure a contin- 
uing growth of output and of farmers’ incomes. The discov- 
ery that all these factors were no longer inevitable provoked 
a rather violent reaction in public opinion—and a frantic 
search for remedies. By the nature of the political process, 
most of these remedies, such as price-support increases and 
credit expansion, were short-term. But agriculture is inher- 
ently an activity in which situations change slowly and 
investments take years to achieve, as Mexican policymakers 
discovered during the late seventies. Hoping to counteract 

15 years of benign neglect of the agricultural sector, the 
Government in March 1980 announced a comprehensive 
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food and fiber plan, the Sistema Alimentario Mexicano 
(SAM) to achieve self-sufficiency in basic food and feed 
products by 1985. 


Yates next turns to the future and assesses demand prospects 
under two scenarios—high and low alternatives. The results 
of his analysis present a formidable challenge for Mexican 
producers. The low alternative yields an annual increase in 
total consumption of 4.2 percent, whereas total consump- 
tion would grow by 4.9 percent annually under the high 
alternative. Yates examines the implications of his demand 
projections and finds that, even allowing for an optimistically 
estimated rise in per-acre yields, Mexico would have to add 
something between 14 and 20 million additional acres of 
arable land to the present land base level within the next 
decade if domestic production is to maintain its share of 
total consumption. 


The bulk of the book surveys the availability of resources— 
physical, technical, economic, and social—for increased 
agricultural production and assesses the contribution these 
resources could make toward this goal. Yates finds that 
Mexico’s land tenure system is the severest constraint to 
production gains. The agrarian reform code has not been 
substantially revised in over 70 years, which has immobilized 
the farm population. For example, producers are limited to 
200 hectares of rainfed land or to 100 hectares of irrigated 
land and, until 1981, were not permitted to operate a mixed 
enterprise (crops and livestock). Contradictory addendums 
have also been tacked onto the initial code over the years, 
leading to widespread abuse of laws by farmers and arbitrary 
enforcement by officials. One section of the code limits 
ranches to 800 hectares whereas another permits a rancher 
to possess the amount of grassland necessary to maintain 
500 head of livestock, which would amount to 25,000 hec- 
tares in some areas. 


To exacerbate the present tensions in the countryside, popu- 
list politicians propagate the myth that if the State would but 
divest the remaining large landowners of their holdings, there 


would be plenty of productive land for the remaining 4 mil- 
lion landless petitioners. The result of current land tenure laws 
and enforcement of these laws has been uncertain farmers who 
are unwilling to make investments in their operations for 

fear of having their land capriciously expropriated later. 


Yates proposes an ingenious scheme of phasing out the most 
anachronistic and ambiguous aspects of the land tenure sys- 
tem while retaining the characteristics that are clearly at the 
core of the Mexican populace’s conception of proprietorship. 
Above all, Yates’ proposals would add flexibility and adapt- 
ability to a system which is breaking down under the weight 
of its own restrictions. 


Yates concludes that Mexico cannot hope to achieve self- 
sufficiency in basic food and feed grains, and so he tailors his 
recommendations for land tenure reform, price policy, 

credit, and extension and research to stimulate production 

of a wide variety of commodities and livestock. This solu- 
tion, of course, opposes the prevailing policy direction of 

the Mexican Government, and many Mexican experts with 
different political perspectives would no doubt challenge 
Yates’ conclusions. As the author recognizes, many of his 
proscriptions would be extremely difficult to implement, but 
he warns policymakers against relying on Mexico’s oil export 
revenues to buy a solution to Mexico’s growing reliance on 
food imports. He points out that Mexico, unlike all other 
major third-world oil exporters (except Indonesia) is a coun- 
try with a large population. For Mexico to attain the same 
export value per capita as Venezuela, for example, Petroleos 
Mexicanos (PEMEX) would have to export 9.3 million barrels 
of oil a day compared with the 1.2 million it exported in 1980. 


Despite any reservation that readers may have concerning 
the author’s policy recommendations, they should recognize 
what a contribution to the field Mexico’s Agricultural 
Dilemma represents. Yates has done a remarkable job of 
sifting data and evaluating Mexico’s demand and supply 
balances for the eighties in the most comprehensive treat- 
ment of Mexico’s agricultural sector available in English. 
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The title of this book suggests that its focus is on natural 
resources; however, the actual content is broader. Because 
the authors examine resource substitution simply as another 
input in production, the modeling approaches they discuss 
can be applied to many problems of input use. The book 
can best be categorized as econometric applications of duality 
theory to input substitution and technological change. 


Except for the introduction, the individual chapters are revi- 
sions of papers presented in December 1979 at a conference 
funded by the National Science Foundation. They are 
grouped by three major topics: (1) empirical results of re- 
source substitution and resource-saving technologies, (2) 
problems arising from recent research, and (3) dynamic 
models. 


The introduction provides a useful chronological survey of 
empirical applications of duality theory. It reviews Nerlove’s 
(5)' estimation of electricity-generating technology, 
McFadden’s (4) and Diewert’s (2) work on flexible func- 
tional forms, and Christensen, Jorgenson, and Lau’s (1) 
analysis using transcendental logarithmic functions. The 
introduction indicates that in 1961 Heady and Dillon (3) 
had examined a second-degree polynomial logarithmic func- 
tion (later known as the translog function) and had provided 


least-squares regression estimates of a square root transforma- 


tion, which is a special case of the generalized linear produc- 
tion function introduced by Diewert. 


The introduction sets the conceptual tone for the book. That 
is, scarcity of natural resources increases prices, and it causes 
substitution of inputs in production, technological change, 
higher output prices, and reduced consumption of resource- 
intensive goods. If substitution possibilities are limited and 
technological change is slow, then economic pressures from 
resource scarcity are likely to be significant. 


The first two sections concentrate on using dual cost func- 
tions to derive factor demand relationships conducive to 
econometric estimation. These sections provide a valuable 
survey of systems estimation techniques that use flexible 
functional forms. The systems approach highlights the inter- 
relatedness of all inputs in production. 


Each article includes an empirical application. Industries are 
classified by the type of factor substitution and technological 


*The reviewers are economists with the National Eco- 
nomics D‘vision, ERS. 

1 [Italicized numbers in parentheses refer to items in the 
References at the end of this review. 


change (Jorgenson-Fraumeni and Moroney-Trapani) and are 
examined for endogenous factor prices (Anderson). Single- 
period market equilibrium is assumed in each case. The dis- 
tinctions between long- and shortrun effects, based on 
whether the data are cross-sectional or time series, are dis- 
cussed. 


By focusing on econometric applications, the book neglects 
the potential contribution of mathematical programming to 
analyzing input substitution. Programming models allow re- 
searchers to analyze the effects of input price changes on 
factor substitution and technological change in a determin- 
istic framework. The Kopp-Smith paper blends an econo- 
metric approach with pseudo-data generated by a program- 
ming model. 


All the analyses, except for Kopp-Smith’s, use aggregate data. 
They contain virtually no discussion of firm-level modeling. 
Industry - and sector-level models are specified and estimated 
with little theoretical justification. This limitation detracts 
from the quality of the conceptual models. Furthermore, the 
applications rely extensively on the translogarithmic func- 
tion. The translog is only one example of many flexible 
forms that one can use to model input demand. 


The third and last section of the book, dynamic models, is 
the most interesting. Berndt, Morrison, and Watkins present 
an excellent survey of dynamic models. The assumption of 
single-period market equilibrium is relaxed and input dis- 
equilibrium models are presented. The first generation of 
models assumes that firms are unable to adjust factor de- 
mands instantaneously to longrun equilibrium levels. This 
generation of models is represented either by generalizing a 
partial adjustment process to an input demand system or by 
utilizing a restricted cost function where one input, typically 
capital, is assumed to be quasi-fixed. Brown and Christensen 
apply a restricted, variable cost function to analyze U.S. 
agricultural production. 


The second-generation dynamic models are an important 
addition to the theory and methodology of analyzing input 
use. These models are based explicitly on dynamic economic 
optimization that incorporates adjustment costs for quasi- 
fixed factors. Unlike first-generation models, speeds of ad- 
justment of quasi-fixed factors to longrun equilibrium levels 
are endogenous and may vary through time. Shortrun 
demand equations depend on input prices, output, and 
stocks of the quasi-fixed inputs. The dynamic adjustment 
path to longrun equilibrium is based on economic optimiza- 
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tion at each point in time. Denny, Fuss, and Waverman 
provide an example of a second-generation dynamic model. 


In the past decade, there has been a dearth of stochastic 
input demand studies in agricultural economics. Spinks and 
Dahl (6), in an extensive bibliography of economic input 
studies, reveal that the literature contains few input demand 
analyses using econometrics. The lack of attention to this 
type of analysis can be attributed to the difficulties of for- 
mulating an agricultural input demand system which is 
conducive to econometric estimation and to the lack of in- 
put quantity data. Yet, the effects of input prices, such as 
capital, energy, land, and water, are crucial to agricultural 
production and food supply. Agricultural policy analysis is 
difficult without an understanding of the potential affects 
of input price increases on production costs, output, and 
input use. The dynamic approaches discussed at the end of 
this book provide a valuable conceptual framework from 
which to address this problem. The agricultural production 
process is itself stochastic; expected and actual output may 
differ substantially, depending on the effects of weather. 
The assumptions used to model the manufacturing sector 
may be inappropriate for agriculture. The dynamic disequi- 
librium framework offers an interesting alternative to 
conventional agricultural models. 


The book is an ambitious undertaking. Although it has in- 
adequacies, it clearly indicates the interrelatedness of input 
use, capital formation, productivity, and prices. It provides 
a broad view of econometric approaches from which re- 


searchers can analyze the derived demand for inputs. It is 
an excellent state-of-the-art survey of modeling resource 
demand. 
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In Earlier Issues 


Different measures of rate of sales, such as pounds per 100 
customers, pounds per store, and dollars worth of apples sold 
per $100 of sales of all commodities, involve different con- 
cepts. There are conceptual differences that are more than 
just a question of whether distance, for example, shouid be 
measured in terms of inches or centimeters. Thus, the criteria 
for choosing a measure of rate of sales should include the 
utility of the different measures assuming no sampling error 
as well as sampling variability and biases. 


Earl E. Houseman 
Vol. 7, No. 2, April 1955, pp. 38-39 
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Regulation continues to hold the interest of producers, con- 
sumers, the Congress, the current administration, and, of 
course, economists. The thrust of this attention has been 
changing, however. We are no longer in an era of regulatory 
expansionism, and, in fact, some suggest that contraction 
either has begun or should begin. This book presents a com- 
pilation of articles that spotlight the state-of-the-art of envi- 
ronmental regulation policy and analysis. Although the book 
concentrates on the relationships between environmental 
regulation and the aggregate U.S. economy, agricultural 
economists may find the political analyses, methodological 
techniques, and policy design discussions stimulating. 


Bosworth begins by discussing the past and present political 
economy of environmental regulation. During the sixties and 
early seventies, economic growth was taken for granted. Public 
policy focused on inflation, unemployment, and the distri- 
bution of income and on the protection of workers, con- 
sumerts, and the environment from the externalities of an 
industrial society. Public policy is now focused on produc- 
tivity and growth. Regulation becomes an issue because 
regulation implies increasing costs of production and addi- 
tional competition for scarce resources. If high unemploy- 
ment and foregone production are incurred to abate infla- 
tion, Government regulations which have the effect of price 
increases will not be tolerated. Bosworth also discusses the 
relationship between real income and productivity. He 
suggests that proposed and current environmental regula- 
tions will garner little support because individuals perceive 
them as reducing real income. This situation is even true if 
benefits of regulation exceed costs because the unquanti- 
fiable beneficial effects may be less obvious than price or 
output effects. 


Portney discusses: (1) the expenditures by consumers, indus- 
try, and Government to meet environmental regulations de- 
signed to correct market failure arising from externalities or 
imperfect knowledge and (2) the methods used by economic 
modelers. He states various caveats on the use of econometric 
models due to inherent limitations of mathematical systems 
and the use of flawed data. He compares environmental ex- 
penditure sources (for example, Bureau of Economic Analysis, 
Council of Environmental Quality , Environmental Protection 
Agency, McGraw-Hill, and U.S. Census) with respect to data 
collection and analysis. Environmental regulation modeling 
efforts typically consist of at least two simulations—one with 





*The reviewer is an economist with the Economic Develop- 
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spending and other changes induced by regulation and one 
without the spending. The difference reflects the effect of 
regulation. Although Portney recognizes these models have 
weaknesses (for example, inability to adequately incorporate 
the benefits of regulation such as reduced risk of illness or 
death, reduced medical costs, reduced cleaning costs, and in- 
creased agricultural yields), he defends the use of large 
macromodels because of their comprehensiveness (that is, 
trade, unemployment, inflation, investment, price, and out- 
put effects) and their capacity to make predictions which are 
integrated and simultaneously determined. 


Haveman and Christiansen discuss U.S. productivity growth 
as influenced by environmental regulation. Their discussion 
is threefold: (1) concepts, measurement, and status of U.S. 
productivity; (2) factors affecting productivity measures; and 
(3) the part that environmental regulation plays in produc- 
tivity growth. The first part of their article concerning con- 
cepts and measurement is weak and does not properly set 
the stage for what follows. The changing composition of U.S. 
output (that is, agricultural goods to industrial goods and 
manufactured goods to a service economy), declining re- 
search and development as a percentage of gross national 
product, the dramatic increase in the proportion of unskilled 
women and teenagers in the labor force, declining capital 
labor ratios, and rapid and large increases in energy prices are 
factors in addition to regulation which influence productivity. 
The authors produce hypotheses and review studies which 
attempt to quantify the impact of regulatory activity on 
productivity. They conclude that regulation causes measured 
inputs to increase whereas measured outputs change very 
little; hence, economic welfare may be increasing while input 
output ratios increase. 


Peskin elaborates on the Haveman-Christiansen hypothesis 
by investigating the extent to which changes in the quality of 
the environment resulting from regulation are captured in 
the national accounts. He suggests modifications in the cur- 
rent national accounts so they can more closely reflect the 
changing quality of the environment. 


Harrington and Krupnick present an extensive historical 
perspective on pollution policy that includes the major 1977 
changes in regulations. Recent procedural changes, such as 
marketable pollution permits, effluent charges, and other 
economic incentive devices, are contrasted with technology- 
or engineering-based standards. As current industrial air- 
and water-pollution policies come under attack for imposing 
excessive costs and retarding innovation and investment, 
these alternatives will gain greater acceptance. 
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Ridker and Watson examine the longrun effects of environ- 
mental regulation on the U.S. economy. Using dynamic 
input/output techniques and assumed levels of economic 
growth, population growth, and technological change, the 
authors make regional forecasts to the year 2025. Agricul- 
tural economists interested in nonpoint sediment and 
pesticide runoff from agricultural production will find both 
issues treated explicitly in the model. The authors conclude 
that “substantial control of the common mass pollutants 
can be achieved without undue interference with the national 
economy” (p. 150). This is the least documented article in 
the book, and, partly because of the nature and size of the 
research project, the reader must obtain the cited literature 
to determine the assumptions used. 


The book’s material is germane for agricultural economists 
interested in the environment and natural resources. Casual 
observers of resource policies will find the book readable 
because the authors keep the technical aspects of modeling 
to a minimum and emphasize policy and data. The book’s 
major fault is its somewhat disjointed nature resulting from 
the variety of topics. One gets the impression that the book 
was quickly cast in an effort to report environmental policy 
and economic research activity at their zenith. Despite this 
shortcoming, it is a good reference for pollution policy, data 
sources, mensuration issues, and environmental modeling. 





In Earlier Issues 


With expanding use of electricity, improved roads and me- 
chanical power, and further consolidation of institutions in 
the trading centers, less differential between farm and city 
dwellers is indicated. Government will continue to have a 
large role in protecting farmers from natural disasters and 
economic crises. Farm depressions have been forerunners of 
general depressions, and these are no longer viewed as acts of 
God, but as man-made; as such they are subject to human 
control. There is scarcely a farmer in the United States at 
mid-century who is not familiar with the appearance of a 
Federal Government check; in 1930 there was scarcely one 
who was. Migrants and other farm laborers and many small 
operators have received relatively little if any benefits from 
recent ameliorative agricultural programs. Legislation has 
favored the “haves” and left the “have-nots” little better off 


than they were before. 


Lowry Nelson 


As paraphrased by Arthur F. Raper 


Vol. 7, No. 2, April 1955, p. 56 
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